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Types o 


nstruction 


arpenters work on two 
major types of building 


projects—residential and 


other light construction, and 
heavy construction. In each of 
these categories, many different 
construction methods are used 
to erect the buildings. 


RESIDENTIAL AND LIGHT 
CONSTRUCTION 


Residential construction is a 
type of light construction that 
includes houses, condominiums, 
and small multifamily dwell- 
ings (apartment buildings). See 
Figure 1-1. Residential and light 
construction employs the great- 
est number of carpenters. Other 
light construction projects include 
small- to medium-size commer- 
cial buildings such as stores, 
restaurants, and warehouses. 

The framing method used for 
most light construction is plat- 
form framing. Platform framing 
consists of studs, plates, joists, 
bracing, and other structural mem- 
bers. Studs fora platform-framed 
structure are one story high. Dou- 
ble top plates over the studs sup- 
port the floor joists for the next 
level. A subfloor is fastened to the 
joists, providing a platform for the 
next level. See Figure 1-2. 
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Figure 1-1. Residential construction is a category of light construction. 


Balloon framing may also be used 
for light construction. In balloon 
framing, the studs extend from the 
sill plate to the roof. Second-floor 
joists are fastened to the studs, and 
aribbon notched into and fastened 
to the studs provides their main 
support. Balloon framing gained 
in popularity in recent years due to 
the use of engineered lumber and 
metal framing components, which 
provide longer lengths at reason- 
able costs. 

Post-and-beam construction is 
another wood-framing method. 
As its name implies, post-and- 
beam construction relies on 
posts and beams for its basic 


structure. See Figure 1-3. In most 
cases the beams are exposed, pro- 
viding an attractive and open ap- 
pearance to the building interior. 

In masonry construction, the 
exterior walls of the building 
are constructed of bricks, hol- 
low concrete masonry units 
(blocks), stone, or a combina- 
tion of masonry products. The 
interior walls and floors of the 
building are usually constructed 
of wood and metal products. Car- 
penters work closely with brick- 
layers and stonemasons when 
building masonry structures, 
which are popular in the eastern 
and midwestern states. 


Southern Forest Products Associotion 


Figure 1-2. In platform framing, each floor 
unit provides a working platform for the 
walls above. 


In brick-veneer or stone-veneer 
construction, brick or stone is 
used as an outside covering 
(veneer) over a conventionally 
framed stud wall. See Figure 1-4. 
Brick-veneer and stone-veneer 
buildings give the appearance of 
having masonry exterior walls, 
but the primary support is pro- 
vided by wood and metal struc- 
tural members. 
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Colifornia Redwood Association 


Figure 1-3. Post-and-beam construction is 
characterized by exposed members, in this 
case redwood members, that also serve as 
the basic structure of the building. 


Another type of light con- 
struction is alteration work, or 
remodeling, in which a change 
or addition is made to a previ- 
ously built structure. Examples 
of alteration work include adding 
a new room to an existing house, 


Colifornia Redwood Association 


Figure 1-4. Stone-veneer foundation and chimney combined with resawn redwood siding 


create an attractive effect for the house. 


modernizing a kitchen or bath- 


room, changing locations of walls 4 a 
in an office, and updating an exist- 


ing storefront. In large cities with 
limited space for new construction, 
alteration work is a significant por- 
tion of the carpentry trade. 


HEAVY CONSTRUCTION 


Most heavy construction uses 
reinforced concrete. Reinforced 
concrete is concrete that con- 
tains steel reinforcement (rebar) 
or fiberglass reinforcing rod to 
strengthen it. Large office build- 
ings, hospitals, bridges, freeways, 
and dams are types of heavy con- 
struction. See Figure 1-5. 


Figure 1-5. Reinforced concrete is typically 
used for most heavy construction. 
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Steel is a primary building — 
material in heavy construction. — 


Monolithic Concrete 
Structures 


Monolithic concrete refers to 
the traditional method of concrete 
construction in which each major 
element of a building, such as a 
wall, is cast as a single continu- 
ous piece. Monolithic concrete 
construction is primarily used for 
small- to medium-size buildings. 
See Figure 1-6. Prefabricated 
forms are erected and/or wood 
forms are built to the shapes ofthe 
walls, beams, columns, and floors 
of the building. Rebar is placed 
and secured inside the forms and 
concrete is placed (poured) in the 
forms. When the concrete has set 
(hardened) sufficiently, the forms 
are stripped. 


Ze - 
Figure 1-6. In monolithic concrete 


construction, each major element of a 
structure is cast as a single piece. 
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Concrete Construction 
Using Precast Units 


Many large concrete buildings 
are constructed with precast 
concrete units. Precast concrete 
units, made with reinforced 
concrete, are manufactured at 
a precast plant and then trans- 
ported to the job site where they 
are erected into the proper posi- 
tion. Many small- to medium- 
size concrete buildings are also 
constructed with precast units. 


Steel-Framed Concrete Struc- 
tures. Most high-rise buildings 
(skyscrapers) and some smaller 
buildings are erected with a steel 
framework. See Figure 1-7. In 
the past, carpenters built wood 
forms around the steel frame- 
work and concrete was placed 
in the forms. Today, however, 
precast concrete units are lifted 
into place by crane and fastened 
tothe steel frame. The use of pre- 
cast concrete units is more effi- 
cient and less costly than the older 
construction method. In many 
cases, carpenters are involved 
in attaching the precast concrete 
units to the steel framework. 


Concrete Structures without 
Steel Framework. Many small- 
to medium-size concrete build- 
ings are constructed of precast 
units that are structurally tied 
together without steel frame- 
work. The tilt-up and lift-slab 
construction methods do not 
require a steel framework. 

In tilt-up construction, concrete 
wall units are cast on the floor or 
transported to a job site after being 
cast at a precast plant. The wall 
units are raised into position with 
a crane and properly braced. See 
Figure 1-8. In lift-slab construc- 
tion, floor slabs are stack-cast 
around columns at the first floor 
and raised into place by hydrau- 
lic jacks. Carpenters perform key 
operations in both tilt-up and 
lift-slab construction. 


4 CARPENTRY 


Figure 1-8. Precast concrete wall panels 
of a building are raised into position with 
a crane. 


Heavy Timber 
Construction 


Heavy timber construction is a 
type of heavy construction used to 
erect buildings, bridges, railroad 
trestles, and waterfront piers and 
docks. Heavy timber construction 
is one of the oldest construction 
methods used in North America. 
Today, heavy timber construction 
is often seen in large buildings 
such as domes. 


PREFABRICATED 
BUILDING UNITS 


A prefabricated building unit is 
a building unit constructed or 
built in a manufacturing facility 
and delivered to the job site. Pre- 
cast concrete units, roof trusses, 
floor trusses, glued laminated 
(glulam) beams, box beams, and 
stressed-skin panels are prefabri- 
cated structural units. Packaged 
window assemblies, prehung 


doors, and exterior soffit systems 
are prefabricated nonstructural 
units. All site- constructed build- 
ings today include a variety of 
prefabricated units. 

Completely prefabricated build- 
ings, typically used in residential 
construction, consist of panel sys- 
tems or modular units. Over 1596 
of new single-family residential 
structures are manufactured hous- 
ing. Manufactured housing refers 
to homes that are built in a manu- 
facturing facility and transported 
to a building lot where they are 
installed or assembled. Manu- 
factured housing includes panel, 
modular, and mobile homes. 


Panel Systems 


In addition to residential struc- 
tures, light commercial structures 
such as office buildings and 
schools may be constructed with 
panel systems. The basic units 
of panel systems are the wall 
sections, which are constructed 
on an automated assembly line 
framing station. See Figure 1-9. 
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When delivered by truck to the 
job site, the wall sections are in- 
stalled by carpenters. See Figure 
1-10. In addition to wall sections, 
a panel system may also include 
a roof system that includes roof 
trusses. Floor sections may also 
be provided, although the joists 
and subfloor are typically in- 
stalled on the job site. 


Figure 1-10. Carpenters install prefabri- 
cated panel wall sections. 


Open Panel Systems. In an 
open panel system, the outside 
surface of the exterior wall 
panel is covered with sheath- 
ing or insulation board, but the 
inside surface of the wall is left 
exposed (open). In many cases, 


finish siding and completed 
window and door units are also 
installed at the manufacturing 
facility. See Figure 1-11. The 
plumbing and electrical systems 
are installed on the job. 


Closed Panel Systems. In a 
closed panel system, the electri- 
cal and plumbing systems, insu- 
lation, and interior wallboard 
are installed at a manufacturing 
facility. As a result, the only 
work required on the job is usu- 
ally some finish work where the 
panels butt together and connec- 
tion of plumbing and electrical 
fixtures and appliances. 

Some closed panel systems are 
available with a modular unit 
called a mechanical core. The 
mechanical core contains the 
kitchen and bathroom fixtures 
and appliances. 
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Figure 1-9. A fully automated assembly line is used to construct panel wall sections. 
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Figure 1-11. An exterior wall panel is lifted after completion and prepared for shipment 


to the job site. 


Fold-Out Panel Systems. A 
fold-out panel system features 
panelized floors, walls, and roof 
sections hinged together. The 
units fold flat during shipping 
and are quickly unfolded and 
erected at the job site. 


Modular Units 


Modular construction is the most 
sophisticated and highly de- 
veloped type of manufactured 
housing. A modular, or sectional, 


vem T" 
APA-—The Engineered Wood Association 


house is 9596 complete when it 
is delivered to the job site. The 
house is prefabricated in three- 
dimensional units, each consist- 
ing ofa floor, walls, and a ceiling 
or roof. The walls are finished on 
both sides and have electrical and 
plumbing systems installed. 

A modular unit can be com- 
pared to a rectangular block. 


When all the blocks are fastened 4 A 


together, the house is completed. 
All modular housing packages 


Prefabricated building units, such as roof trusses, are raised into position using 


a crane. 
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Southern Forest Products Association 


include a mechanical core con- 
taining the kitchen and bathroom 
fixtures and appliances and most 
of the mechanical equipment 
needed in a house. 

The installation procedure for 
a modular house is called setting 
the house. Modular units are 
placed on top ofa foundation that 
has already been constructed on 
the job site. The modular units 
are set in place using a crane or 
slid into place on greased rails. 
As the modular units are placed, 
carpenters bolt the units together 
and fasten them to the foundation 
walls. Setting a house usually 
takes no more than a few hours. 

A small amount of finish work 
is required after the modular 
units are set. Carpenters add 
exterior siding to the gable ends 
of the building to cover areas 
where the units are joined. Trim 
boards may be necessary where 
the house rests on the founda- 
tion. Inside the house, wall joints 
must be finished and floor cover- 
ing installed where the modular 
units have been joined. Electrical 
and plumbing systems for the 
house must also be hooked up to 
the municipal systems. 


~ Construction cost per square ^ — 
loot for.a manvfactured home 
averages 10% to 35% less than 
. a comparable site-built home. - 


Mobile Homes 


Mobile homes are the primary 
type of manufactured hous- 
ing. Mobile homes are built in 
accordance with federal stan- 
dards contained in a building 
code established by the Depart- 
ment of Housing and Urban 
Development (HUD). The HUD 
code regulates manufactured 
home design and construction, 
strength and durability, energy 
efficiency, and fire resistance. 
The code also mandates wind re- 
sistance in areas that are subject 
to high-velocity winds. 


The base of a mobile home rests 
on a steel frame. The floor, walls, 
and roof are wood-framed. Insula- 
tion and electrical and plumbing 
systems are set in place and floor 
coverings are installed. Heaters, 
furnaces, and heating ducts are 
installed. Mobile homes are avail- 
able as single- or double-wide 
units. Double-wide mobile homes 
are transported to a job site in two 
sections where they are placed 
and bolted to a wall foundation 
Or piers. 


GREEN BUILDING 


Green building, also known as sus- 
tainable design, refers to building 
design and construction methods 
that efficiently use materials, 
energy, water, and other natural 
resources. In comparison to tra- 
ditional design, green building 
places a greater emphasis on oc- 
cupant health and productivity; 
efficient energy, water, and other 
resource utilization; and reducing 
the overall impact on the environ- 
ment. Green building principles 
are achieved through optimum 
building location on a building 
site and better design, construc- 
tion, operation, maintenance, 
and removal—in other words, the 
complete building life cycle. 5ee 
Figure 1-12. The green building 
initiative was developed due to 
concerns about diminishing natu- 
ral resources, increasing pollution 
levels, and other factors that may 
cause harm to the environrnent. 


Materials and Products 


Selection of green building ma- 
terials and products is a major 
consideration in the design 
process. Green building materi- 
als and products are composed 
of renewable resources. For ex- 
ample, light-gauge metal framing 
members often consist of more 
than 2596 recycled steel, and the 
framing members are entirely 
recyclable when the building is 
demolished. Selection criteria 
for green building materials and 
products include the following: 


Figure 1-12. Sustainable design and construction yields environmental, economic, and 
health benefits for the builders and the surrounding community. 


e indoor air quality 
* resource efficiency 
* energy efficiency 

e water conservation 
* cost 


Good indoor air quality can help 
to reduce respiratory illnesses 
and diseases such as allergies and 
asthma. Most newly constructed 
buildings are more tightly sealed 
against air infiltration than older 
buildings. In older buildings, it 
was common for the air in a house 
to be replaced every hour due to 
normal air infiltration. In new con- 
struction, complete air exchanges 
may occur every six hours. There- 
fore, toxins released to the indoor 
air stay in circulation longer, pos- 
ing more potential health risks to 
the building inhabitants. To pro- 
tect indoor air quality, materials 
and finishes used on the interior 
of a building should contain few 
or no carcinogens or irritants. In 
addition, materials or products 
should emit minimal volatile or- 
ganic compounds (VOCs). They 
should resist moisture or inhibit 
the growth of mold and other 
biological contaminants. 

One of the worst indoor air 
quality issues is formaldehyde. 
Formaldehyde is a chemical 
used in the manufacture of build- 
ing products such as hardwood 


plywood, wall paneling, particle- 
board, and fiberboard. Warnings 
are required on building materi- 
als that may release formalde- 
hyde. Exposure to elevated levels 
of formaldehyde may result in 
eye, nose, and throat irritation, 
wheezing, coughing, and other 
severe allergic reactions. 

To conserve natural resources, 
materials and products should 
be manufactured from recycled 
products using resource-efficient 
manufacturing processes. Sus- 
tainable harvested forest prod- 
ucts should be used to protect 
the natural ecosystem. The Forest 
Stewardship Council (FSC) has 
established global standards for 
responsible forestry, including a 
chain-of-custody for certified for- 
est products. A chain-of-custody 
is the path that raw materials 
harvested from FSC-certified 
forests take through processing, 
manufacturing, and distribution 
until they are a final product 
and ready for sale to the con- 
sumer. FSC-certified materials 
and products must be tracked 
from the certified source to the 
consumer to ensure that the 
materials or products are manu- 
factured from sustainable forests. 
Green building materials and 
products should be purchased 
locally or regionally in order 
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to save energy and resources in 
transporting the materials and 
products to the job site. 

Energy efficiency for green 
buildings includes the use of pas- 
sive solar designs, natural light- 
ing, and high R value wall and 
ceiling insulation. In addition, 
the orientation and shape of a 
building affect energy efficiency. 
When possible, buildings should 
be oriented on the building site 
to take advantage of natural sun- 
light and cooling breezes. Natural 
sunlight will reduce the need for 
electric lights during the daytime. 
Landscaping, such as large shade 
trees located in front of large win- 
dows, can reduce the amount of 
heat entering a building. 

Fresh water is a limited re- 
source. Water conservation in 
green buildings can be increased 
by using products and systems 
that reduce water consumption 
in buildings and conserve wa- 
ter in landscaped areas. Dual 
plumbing systems should be 
installed in a green building 
to use recycled water for toilet 
flushing or a gray water system 
that recovers rainwater or other 
nonpotable water for site irriga- 
tion. (Gray water makes up 5096 
to 8096 of residential wastewa- 
ter.) The volume of wastewater 
can be minimized by using 
ultra low-flush toilets, low-flow 
shower heads, and other water- 
conserving fixtures. 


Green Building Rating 
Systems 


Voluntary rating systems provide 
standards and guidance for green 
buildings to architects, engineers, 
construction managers, lend- 
ers, and government officials. 
The primary rating system for 
green buildings is Leadership 
in Energy and Environmental 
Design® (LEED®). LEED certifica- 
tion offers confirmation and proof 
that a building meets its envi- 
ronmental goals. LEED certifica- 
tion levels are based on a point 
system ranging from 26 points to 
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69 points. LEED certification 
levels are as follows: 
* Basic—26 points to 32 points 
* Silver—33 points to 38 points 
e Gold—39 points to 51 


points 


Sustainable 
sites 


points 


* Platinum—52 points to 69 


Six categories with various 
certification criteria are used to 
determine the LEED certifica- 


tion levels. See Figure 1-13. 


LEED® CERTIFICATION AND CRITERIA 
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Figure 1-13. LEED® certification levels are determined by accomplishing certain goals 
within each of six certification categories. 


SPECIALIZATION IN THE 
TRADE 


Improved production and sched- 
uling methods in construction 
have led to increased specializa- 
tion of work. On housing tracts, 
for example, a large number 
of homes are constructed at 
the same time by crews of car- 
penters specializing in various 
divisions of carpentry work. See 
Figure 1-14. One crew of carpen- 
ters installs all the foundations 
of the houses while other crews 
separately place the floor units, 
walls, roofs, and ceilings. 


In some areas, carpenters or 
subcontractors specialize in in- 
stalling gypsum board (drywall) 
on walls and ceilings. Others 
work exclusively on installing 
acoustical tile ceilings. Still other 
carpenters install only certain 
types of patented partitions (inte- 
rior walls) in office buildings. The 
number of such single-specialty 
operations is growing. 


As a result of increased special- 
ization, carpenters with versatile 
skills are becoming the exception 
rather than the rule. Still, it is pos- 
sible for a person entering the 
carpentry trade to become an 
exceptional carpenter if he or she 
gains experience in a wide variety 
of construction work. This means 
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Figure 1-14. Mass production methods are used on new subdivision housing tracts. 
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learning such skills as building 
forms for concrete structures, 
erecting the framework for wood- 
framed buildings, and perform- 
ing the trim work required in all 
types of construction. A variety 
of skills will give a person greater 
job security and eam the respect of 
employers and coworkers alike. 


af 


Separate crews install the foundations, wall and roof framing, exterior trim, and 


interior trim. 
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j The Building 
^ Trades 


arpenters work with a 
variety of building 


tradesworkers when 


working on a construction 
project. Apprentices attend 
classroom training to learn the 
principles of the trade, and 
then work closely with jour- 
neymen to continue to learn 
the trade. Cooperation and in- 
teraction between apprentices 
and journeymen, and between 
all tradesworkers, is vital to 
the success of a project. 


CARPENTERS AND 
GENERAL CONTRACTORS 


Carpentry is the largest craft 
in the construction industry. 
Most carpenters, unless they 
are self-employed, work for a 
general contractor. A general 
contractor, or building contrac- 
tor, is a licensed individual or 
firm that can enter into legal 
contracts to perform construc- 
tion work. In some cases, a 
general contractor is a single 
carpenter who either works 
alone to complete a project or 
hires extra carpenters to help. 
A. general contractor may also 
be a large corporation involved 
in massive construction projects 


10 


throughout the world. Whether 
the construction project is large 
or small, a general contractor 
is responsible for the overall 
organization, supervision, and 
execution of a construction 
project. 


Carpenters work with tools, 
equipment, and a wide variety 
of materials to build structures 


PTS cubed 


ati 


such as one-family and mul- 
tifamily dwellings, offices, 
bridges, and highways. See 
Figure 2-1. Carpenters may 
specialize in certain aspects of 
construction such as concrete 
formwork, residential carpen- 
try, or interior systems com- 
monly installed in commercial 
and public buildings. 


Figure 2-1. Carpenters work with tools, equipment, and a wide variety of materials, 
The decks being fabricated on the ground are lifted into position with the material lift 
shown in the background. 


OTHER BUILDING 
TRADESWORKERS 


In addition to carpenters, work- 
ers from many other crafts work 
on construction projects. Most 
of the tradesworkers are em- 
ployed by subcontractors who 
are licensed to perform work in 
their specialty area. For example, 
electrical work in a building un- 
der construction is performed by 
journeyman and master electri- 
cians who are employed by an 
electrical subcontractor. 

Some of the major trades 
involved in the construction 
industry and examples of the 
work they perform follow. 

Construction craft laborers 
(CCL), or laborers, are often 
directly employed by a general 
contractor. Activities carried 
out by construction craft labor- 
ers are preparing and carrying 
materials to carpenters; mixing, 
handling, and placing concrete 
in forms; excavating, placing, 
and compacting earth materials; 
and cleaning and maintaining 
work areas. 

Bricklayers work with ma- 
sonry materials such as brick, 
concrete block, and structural 
tile to construct or repair walls, 
partitions, arches, and fireplaces 
and chimneys. Bricklayers also 
work with glass, gypsum, and 
terra cotta block. 

Stonemasons work on build- 
ings that have solid stone or 
stone-veneer walls. Stonemasons 
set stone to build structures such 
as piers, walls, and abutments, 
or lay walks, curbstones, and 
special types of masonry. 

Cabinetmakers and millwork- 
ers lay out, build, and install 
cabinets and built-in furni- 
ture, including kitchen cabi- 
nets, bathroom vanities, and 
store fixtures, using a variety of 
woodworking equipment and 
hand tools. Cabinetmakers also 
fabricate and install countertops, 
moldings, and panels. 


Cement masons, or cement 
finishers, produce the finish on 
freshly placed concrete floor 
slabs, walls, sidewalks or curbs 
using hand tools or power equip- 
ment including floats, trowels, 
and screeds. See Figure 2-2. 
Cement masons may also set 
forms that are no more than one 
board high. 


Figure 2-2. Cement masons place and finish 
concrete to produce the desired texture. 


Structural-steel workers, or 
structural-iron workers, erect the 
steel framework for steel-framed 
buildings. Structural-steel work- 
ers raise, place, and join girders, 
columns, and other structural- 
steel members. See Figure 2-3. 

Reinforcing-metal workers, or 
reinforcing-iron workers, place 
and secure rebar and welded 
wire fabric reinforcement used 
in reinforced concrete. Based 
on information provided in the 
construction prints, reinforcing- 
metal workers cut steel reinforce- 
ment to the proper dimensions 
and join the reinforcement using 
wire ties or welding equipment. 

Electricians lay out and install 
electrical conductors (wiring), 
electrical fixtures, and control 
equipment for the electrical 
systems of a building. For many 
construction projects, electri- 
cians install temporary electri- 
cal systems at the beginning 


of construction projects so that 
tradesworkers can operate their 
power tools and equipment. 


Figure 2-3. Structural-steel workers erect 
the steel framework for steel-framed 
buildings. 


Plumbers assemble and install 
pipes, fittings, fixtures, and ap- 
pliances connected to the water 
supply and drainage, waste, and 
vent (DWV) systems of a build- 
ing according to the construction 
specifications and plumbing 
codes in effect in their jurisdiction. 
In addition, plumbers install pipe 
supplying gas or fuel to gas-oper- 
ated appliances such as furnaces 
or kitchen appliances. 

Pile-driver operators, or pile 
drivers, work primarily on heavy 
construction projects such as 
highways, high-rise buildings, 
dams, and bridges. Pile-driving 
rigs, mounted on skids, barges, 
crawler treads, or cranes, drive 
piling as foundations for struc- 
tures and shoring. 

Pipefitters typically work 
on industrial and commercial 
buildings where they lay out, 
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assemble, install, and maintain 
pipe systems for hot water, 
steam, production, and process- 
ing equipment. In addition, 
pipefitters maintain pipe sup- 
ports and related hydraulic and 
pneumatic equipment used in 
these systems. 

Sheet-metal workers plan, lay 
out, fabricate, assemble, and in- 
stall sheet-metal products such 
as ducts used to distribute air 
for heating, ventilating, and air 
conditioning (HVAC) systems. 
Sheet-metal workers also fab- 
ricate and install gutters and 
flashing for buildings. 

Elevator constructors as- 
semble and install electric and 
hydraulic freight and passenger 
elevators, escalators, and dumb- 
waiters. In some areas, escalators 
are installed by millwrights. 

Operating engineers, or heavy- 
equipment operators, operate 
and maintain heavy construc- 
tion equipment such as bulldoz- 
ers, power shovels, and motor 
graders to excavate, move, and 
grade earth. In addition, operat- 
ing engineers operate cranes to 
unload and distribute materials 
on the job and place concrete at 
higher elevations. 

Millwrights install, set up, and 
maintain machinery and equip- 
ment such as pumps, turbines, 
generators, and conveyors. In 
some cases, millwrights con- 
struct foundations for machin- 
ery or equipment using wood, 
steel, and concrete. 

Lathers install the basic frame- 
work for plaster, consisting of 
wire or metal mesh or perfo- 
rated gypsum board. Plasterers 
apply plaster or stucco over the 
framework. In the past, lathers 
installed wood lath to which 
plaster was applied. 

Drywallers, or drywall install- 
ers, plan gypsum board (drywall) 
installations, erect metal framing 
and furring channels for fastening 
gypsum board, and install gypsum 
board to cover walls, ceilings, 
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soffits, shafts, and movable parti- 
tions in residential, commercial, 
and industrial buildings. See 
Figure 2-4. 


Figure 2-4. A drywaller attaches and fin- 
ishes gypsum board. 


Plasterers apply plaster and 
stucco finishes to interior or ex- 
terior walls of buildings. Exterior 
insulation and finish systems 
(EIFS), used for residential and 
commercial buildings, are typi- 
cally installed by plasterers. 

Painters and paperhangers ap- 
ply finishes to walls and ceilings. 
Painters apply coats of paint, var- 
nish, or stain to finish and protect 
interior and exterior surfaces, 
trim, and fixtures. Paperhangers 
apply wallcoverings, such as 
wallpaper and fabric, to interior 
walls and ceilings. 

Glaziers cut, fit, and install 
glass in windows, doors, sky- 
lights, and storefronts. In addi- 
tion, glaziers may apply adhesive 
film to glass or spray glass with a 
liquid solution to prevent glare 
from the glass surface. 

Floor layers, or floor-covering 
installers, install resilient floor- 
ing materials such as carpet, 
linoleum, and vinyl products 
over underlayment. Flooring 
materials provide shock-absorbing, 
sound-deadening, or decorative 


characteristics to the floor sur- 
face. In some areas, carpenters 
install resilient flooring. 

Tilesetters apply ceramic and 
other types oftile to floors, walls, 
and ceilings following design 
specifications. Tilesetters may 
specialize in placing marble or 
terrazzo tile. 

Roofers apply roofing materi- 
als, other than sheet metal, to 
buildings to waterproof roofs. 
Roofers work with composition 
shingles or sheets, wood shingles, 
rubber membranes, and asphalt 
and gravel roof coverings. 


WORKING TOGETHER: 
CARPENTERS AND OTHER 
TRADESWORKERS 


A smoothly functioning con- 
struction project depends on 
cooperation among the different 
tradesworkers assigned to the 
job. This is particularly true of 
carpenters in relation to other 
tradesworkers. Carpenters are 
the backbone of most construc- 
tion projects, as all other trades 
depend on the work done by 
carpenters. Before an electrician 
can install wiring in a house or 
the plumber can install and hang 
pipe, carpenters must first frame 
the floors, walls, and ceilings. 

During all stages of construction, 
carpenters should keep in mind the 
work of the trades that will follow. 
A good understanding of the work 
performed by other trades will 
help carpenters perform their 
work in a manner that facilitates 
the work of the other trades. 


INDUSTRY AND 
STANDARDS 
ORGANIZATIONS 


The construction industry has 
evolved over the years through 
the efforts of many industry and 
standards organizations. These 
organizations have sought to 
establish quality standards, 
provide quality and consis- 
tency between manufacturers, 


and provide a vehicle for im- 
provement of the construction 
industry, including the car- 
pentry trade. Contractors and 
industry professionals use the 
resources of these organiza- 
tions to ensure product safety, 
quality, and efficiency. 


United Brotherhood of 
Carpenters and Joiners of 
America 


The United Brotherhood of Car- 
penters and Joiners of America 
(UBC) is the carpenters' union. 
Founded in 1881, the UBC now 
has approximately 520,000 mem- 
bers. Local unions number more 
than 1000. Every state of the 
United States and every prov- 
ince of Canada has at least one 
local union. More than 50,000 
UBC members are enrolled in ap- 
prentice courses and over 100,000 
journeymen are involved in up- 
grading their skills annually. 

Most UBC members are con- 
struction carpenters. However, 
the UBC also includes cabi- 
netmakers, pile drivers, floor 
layers, millwrights, lathers, 
and drywallers. Millworkers are 
industrial workers employed 
in lumber, panel product, and 
sawmill production, as well as 
in factories that produce prefab- 
ricated housing. 


The UBC includes members 
from every racial, ethnic, and 
religious background. More than 
27,000 women UBC members are 
employed in industrial plants or 
work as carpenters on construc- 
tion sites. The number of women 
working in carpentry as well as 
the other construction trades 
increases each year. 


The purpose of the UBC is to 
advance the interests of its mem- 
bership. The union negotiates 
agreements with contractors’ 
associations concerning wages, 
fringe benefits, working condi- 
tions, and provisions for appren- 
ticeship training, hourly wage 


scale, and the number of hours 
in the work week. In addition, 
the agreement usually includes 
provisions for vacation pay and 
for a health and welfare plan 
that covers medical, dental, 
hospitalization, and prescription 
costs. Most agreements between 
the UBC and the employers also 
provide for pension plans. 


Contractors’ Associations * 


Many general contractors be- 
long to industry associations 
that represent their interests 
as employers. Two influential 
contractor associations are the 
Associated General Contractors 
(AGC) and the National Associa- 
tion of Home Builders (NAHB). 
The AGC and NAHB are national 
organizations with state and lo- 
cal chapters. The AGC primarily 
represents contractors that are 
involved with heavy construc- 
tion work. The AGC represents 
more than 36,000 firms, includ- 
ing 8000 of the leading general 
contractors and 14,000 specialty- 
contracting firms. The NAHB 
typically represents contractors 
in residential and light construc- 
tion. The NAHB represents more 
than 800 state and local builder 
associations throughout the 
United States. The UBC negoti- 
ates its working agreement with 
the AGC and NAHB. 


American National we 
Standards Institute 


The American National Stan- 
dards Institute (ANSI) is a na- 
tional organization that helps 
identify industrial and public 
needs for national standards. 
Standards are commonly pro- 
duced and co-published with 
ANSI and member technical 
societies, trade associations, 


and United States and Canadian 
governments. See Figure 2-5. A 
technical society is an organiza- 
tion composed of engineers and 
other technical personnel that are 
united by a professional interest. 
The Roof Consultants Institute 
is an example of a technical so- 
ciety. A trade association is an 
organization that represents the 
producers of specific products. 
An example ofa trade association 
is APA—The Engineered Wood 
Association. A government de- 
partment is a federal government 
department often responsible for 
developing specifications such 
as the United States Military 
Standards (MIL STD). 


APA—The Engineered Wood Association 


Engineered wood products are used to 
create a dramatic stairway. 


APA—The Engineered * 
Wood Association 


APA—The Engineered Wood 
Association is a nonprofit trade 
association of the North Ameri- 
can engineered wood prod- 
ucts industry. The association 
represents manufacturers of 
structural plywood, oriented 
strand board (OSB), structural 
composite panels, glued lami- 
nated (glulam) timber, wood 
I-joists, and laminated veneer 
lumber (LVL). 
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APA—The Engineered Wood 
Association was founded in 
1933 as the Douglas Fir Ply- 
wood Association to represent 
the Pacific Northwest plywood 
industry. After adhesive and 
technological improvements 
led to the manufacture of struc- 
tural plywood from Southern 


pine and other species, the asso- 
ciation changed its name to the 
American Plywood Association 
(APA) in 1964. The association 
expanded again in the early 
1980s with the introduction of 
oriented strand board (OSB). 
A decade later, APA formed a 


called Engineered Wood Systems 
(EWS) to represent manufacturers 
of nonpanel engineered wood 
products such as glulam timber, 
wood I-joists, and laminated 
veneer lumber. The association 
once again changed its name in 
1994 to APA—The Engineered 


related nonprofit organization Wood Association. 


INDUSTRY AND STANDARDS ORGANIZATIONS 


United Brotherhood of Carpenters and 


Joiners of America 

101 Constitution Avenue, NW 
Washington, DC 20005 
www.carpenters.org 


Associated General Contractors of America 


2300 Wilson Blvd, Suite 400 
Arlington, VA 22201 
www.agc.org 


National Association of Home Builders 


1201 15th Street, NW 
Washington, DC 20005 
www.nahb.com 


Associated Builders and Contractors, Inc. 


4250 N. Fairfax Drive, 9th Floor 
Arlington, VA 22203 
www.abc.org 


American National Standards Institute 


1819 L Street, NW 
Washington, DC 20036 
www.ansi.org 


APA—The Engineered Wood Association 


7011 S. 19th Street 
Tacoma, WA 98466 
www.apawood.org 


American Institute of Timber Construction 


7012 S. Revere Parkway, Suite 140 
Centennial, CO 80112 
www.aitc-glulam.org 


American Wood Council 
1111 19th Street, NW, Suite 800 
Washington, DC 20036 
WWW.aWC.Org 


California Redwood Association 


405 Enfrente Drive, Suite 200 
Novato, CA 94949 
www.calredwood.org 


Cedar Shake and Shingle Bureau 
P.O. Box 1178 

Sumas, WA 98295 

www.cedarbureau.org 


Composite Panel Association 
19465 Deerfield Avenue, Suite 306 
Leesburg, VÀ 20176 
www.pbmdf.com 


National Hardwood Lumber Association 
P.O. Box 34518 

Memphis, TN 38184-0518 

www.nathardwood.org 


Occupational Safety and Health Administration 
200 Constitution Avenue 

Washington, DC 20210 

www.osha.gov 


Portiand Cement Association 
5420 Old Orchard Road 

Skokie, IL 60077 
www.portcement.org 


Southern Forest Products Association 
2900 Indiana Avenue 

Kenner, LA 70064-1700 

www.sfpa.org 

www.southernpine.com 


Wood Truss Council of America 
One WTCA Center 

6300 Enterprise Lane 

Madison, WI 53719 
www.wooditruss.com 


Western Wood Products Association 
522 SW Fifth Avenue, Suite 500 

Portland, OR 97204-2122 

WWW.WWpa.org 


Canadian Centre for Occupational 
Health and Safety 

135 Hunter Street East 

Hamilton, Ontario, Canada L8N 1M5 
www.ccohs.ca 


Figure 2-5. Industry and standards organizations establish quality standards, provide quality and consistency between manufacturers, 
and provide a vehicle for improvement of the construction industry. 
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American Institute of 
Timber Construction 


The American Institute of Timber 
Construction (AITC) is the na- 
tional technical trade association 
of the structural glulam timber 
industry. AITC represents a ma- 
jority ofthe glulam timber manu- 
facturers in the United States, 
as well as several installers, 
suppliers, sales representatives, 
engineers, architects, designers, 
and researchers. 


American Wood Council * 


The American Wood Council 
(AWC), formerly the National 
Forest Products Association, is 
the wood products division of 
the American Forest & Paper 
Association. AWC promotes 
the use of wood by ensuring 
that wood products are widely 
accepted by model codes and 
regulations, develops guidelines 
for wood construction, and 
influences the development of 
public policies affecting the use 
of wood products. 
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California Redwood 
Association 


The California Redwood As- 
sociation (CRA) is the trade as- 
sociation for redwood lumber 
producers. CRA members pro- 
duce quality redwood products 
and are dedicated to responsible 
use of their private redwood 
forests. CRA members work to 
ensure there will be a continuous 
supply of redwood products from 
their mills. 


Southern Forest Products Association 


Industry and standards organizations perform tests on wood samples to ensure consistent 


performance and reliability of their products. 


Cedar Shake and Shingle 
Bureau 


The Cedar Shake and Shingle 
Bureau represents the manufac- 
turers, distributors, installers, 
and maintenance technicians 
of Certi-label? cedar shake and 
shingle products for roofing, 
walls, and interior design. Re- 
sponsibilities ofthe Cedar Shake 
and Shingle Bureau include 
building code and product stan- 
dards development, marketing, 
testing, and education for techni- 
cians and consumers. 


Composite Panel 
Association 


The Composite Panel Associa- 
tion (CPA) is the North American 
trade association for particleboard 
(PB), medium-density fiberboard 
(MDF), and other compatible prod- 
uct manufacturers. CPA members 
include 34 of the leading U.S. 
and Canadian manufacturers, 
which represent more than 80% 
of the total North American 
production capacity. CPA was 
formed in 1997 by consolidating 
the National Particleboard As- 
sociation and Canadian Particle- 
board Association memberships. 
The CPA represents the North 
American industry on technical, 
regulatory, and quality assurance 
concerns. 


National Hardwood 
Lumber Association 


The National Hardwood Lumber 
Association (NHLA) maintains 
order, structure, and ethics in the 
hardwood marketplace; ensures 
timberavailability to meet society's 
needs; and builds positive busi- 
ness relationships within the 
hardwood production commu- 
nity. NHLA publishes technical 
information on lumber grading, 
forestry management, and har- 
vesting. 


Occupational Safety and * 
Health Administration 


The Occupational Safety and 
Health Administration (OSHA) 
is a federal agency that requires 
all employers to provide a safe 
environment for their employ- 
ees. OSHA was established 
under the Occupational Safety 
and Health Act of 1970, which 
requires all employers to provide 
work areas free from recognized 
hazards likely to cause serious 
harm. 

OSHA administers and en- 
forces compliance with the act 
through inspection by trained 
OSHA inspectors. Under OSHA 
guidance, states may develop and 
administer state occupational 
safety and health plans. Cur- 
rently, there are 23 states with 


Unit 2 The Building Trades 15 


their own occupational safety 
and health plans. State plans 
may include the private and/or 
public sector and must be revised 
as necessary in order to comply 
with minimum OSHA federal 
standards. 

The Office ofthe Federal Regis- 
ter publishes all adopted OSHA 
standards and required amend- 
ments, corrections, insertions, 
and deletions. Current OSHA 
standards are reproduced in 
the Code of Federal Regula- 
tions (CFR). OSHA standards 
are included in Title 29 of CFR 
Parts 1900—1999. OSHA 29 CFR 
Part 1926, Safety and Health 
Regulations for Construction, 
provides regulations specific to 
the construction industry. OSHA 
documents are available at many 
libraries, from the Government 


Printing Office (GPO) in major 4 


cities, and on-line. 


Portland Cement 
Association 


Since its founding in 1916, the 
Portland Cement Association 
(PCA) has had the goal of improv- 
ing and expanding the uses of 
portland cement and concrete. 
To promote the uses of cement 
and concrete, the PCA provides 
a wide range of research, testing, 
and consulting services. Support 
programs are offered, supplying 
informative data on cement use 
and market potential, training, 
and educational programs for the 
cement, concrete, and construc- 
tion industries. 


Southern Forest Products 
Association 


The Southern Forest Products 
Association (SFPA), formerly 
the Southern Pine Association, 
was founded in 1915. SFPA is 
a nonprofit trade association of 
southern pine lumber manu- 
facturers from 12 states: Vir- 
ginia, Tennessee, North Carolina, 
South Carolina, Georgia, Florida, 
Alabama, Mississippi, Louisiana, 
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Arkansas, Oklahoma, and Texas. 
SFPA members produce about 
5596 ofthe southern pine lumber 
in the United States. 


Wood Truss Council of 
America 


The Wood Truss Council of 
America (WTCA) is a trade as- 
sociation that consists of truss 
manufacturers, material suppli- 
ers, and industry professionals. 
WTCA promotes the use of wood 
trusses to contractors involved 
in the construction industry. 
WTCA allows members to stay 
current with trends in the field 
by distributing information 
through educational seminars 
and industry publications. 
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Western Wood Products 
Association 


The Western Wood Products 
Association (WWPA) is a trade 
association representing soft- 
wood lumber manufacturers 
in 12 western states, including 
Washington, Oregon, Montana, 
California, Idaho, and Alaska. 
WWPA mills produce lumber 
from western softwood species, 
including Douglas fir, western 
larch, western hemlock, pon- 
derosa pine, and western red ce- 
dar. Products manufactured from 
these species include structural 
lumber, appearance lumber, and 
factory lumber. 


ENTERING THE 
CARPENTRY TRADE 


The carpentry trade offers many 
opportunities for a young per- 
son. Carpentry is a common of- 
fering at postsecondary career 
and technical institutes and 


community colleges. Career 
and technical and community 
college programs are strongly 
recommended for persons inter- 
ested in entering the carpentry 
trade. However, these programs 
are only preparatory courses; a 
person must actually work in the 
trade to learn it fully. 


Apprenticeship Programs * 
Apprenticeship is on-the-job 
training combined with other, 
related instruction. An appren- 
tice carpenter works with experi- 
enced journeymen while learning 
the trade. An apprentice enters 
into an agreement with an em- 
ployer and Joint Apprenticeship 
and Training Committee (JATC) 
for a required period of time to 
receive instruction and to learn 
a trade. 


Origins of Apprenticeship. Ap- 
prenticeship began in ancient 
times when the master of a 
skilled craft taught the craft to 
his sons or other young men. 
The young workers were com- 
pletely under the direction of 
the master for the period of the 
apprenticeship. This method 
of learning a craft evolved into 
the indenture system practiced 
in Europe during the Middle 
Ages. An indenture was a writ- 
ten contract between the master 
craftsman and an apprentice. 
Apprenticeships often lasted 
as long as eight years. The in- 
denture system was brought 
over to the New World and was 
common practice in this country 
until the development of craft 
labor organizations in the con- 
struction trades. 

From 1881 to 1939, the car- 
pentry apprenticeship in the 
United States was mainly a 
union-sponsored effort to preserve 
the craft. During this period, the 
UBC developed a comprehensive 
apprenticeship program consist- 
ing of on-the-job training and 
related instruction. 


Labor-Management Appren- 
ticeship Programs. The passage 
ofthe National Labor Relations 
Act in 1935 brought about 
improved collective bargain- 
ing between trade unions and 
employers. As a result, ap- 
prenticeships became the joint 
responsibility of both labor and 
management. Programs were 
set up wherever negotiated 
agreements existed between the 
UBC and employers. 

Locally, apprenticeship pro- 
grams are directed by JATCs 
consisting of union and em- 
ployer representatives. An ap- 
prenticeship program in a given 
area works closely with the local 
school district as well as with 
the Department of Education for 
that state. On a national level, 
all apprenticeship programs 
must conform to the standards 
established by the Bureau of 
Apprenticeship and Training, 
which is a division of the United 
States Department of Labor. 
Information on apprenticeship 


Quick Quiz? 


programs can be obtained from 
the following address: 


Bureau of Apprenticeship and Training 
Office of Apprenticeship Training, 
Employer and Labor Services 

U.S. Department of Labor 

200 Constitution Avenue, NW 
Washington, DC 20001 


Over 1600 instructors teach at 
regional JATC training centers 
across the United States and 
Canada. These instructors are 
required to periodically attend 
"train-the-trainer" programs at 
the UBC International Training 
Center in Las Vegas, Nevada, 
to improve their instructional 
skills and trade knowledge. 

Carpentry apprentices are re- 
quired to attend the training 
centers full time for two to four 
weeks per year. Apprentices par- 
ticipate in classes that help them 
develop and improve their skills 
in many trade-related areas such 
as print-reading and trade math. 
In addition, a major part of the 
program focuses on hands-on 
construction. 


Merit Shop Apprenticeship 
Programs. Apprenticeship pro- 
grams for 20 trades (includ- 
ing carpentry) have also been 
established by the Associated 
Builders and Contractors, Inc. 
(ABC). ABC apprenticeship pro- 
grams are approved by the U.S. 
Department of Labor, Bureau of 
Apprenticeship and Training 
(BAT). ABC apprenticeship pro- 
grams meet all federal and state 
requirements for formal appren- 
ticeship and include employer- 
sponsored classroom training 
and on-the-job training. 


Labor-Management Journeymen 
Programs. In addition to super- 
vising apprenticeship programs, 
many labor-management JATCs 
throughout North America also 
conduct journeymen skill ad- 
vancement courses. Skill advance- 
ment courses provide journeyman 
carpenters an opportunity to 
improve their skills in all areas of 
the trade, including printreading, 
estimating, level and transit ap- 
plications, and welding. 
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The Nature 
of Wood 


ood used in carpen- 
try and other trades 
is obtained primarily 


from the trunk of a tree. An 
understanding of the differ- 
ent parts of a tree trunk and 


of how a tree grows is useful. 


to anyone who works with 
wood. 


STRUCTURE OF WOOD 


Wood is composed of tiny cells 
(fibers) that are held together 
with a natural cement called 
lignin. The cells are tubular in 
shape and are about as thick 
as a human hair. See Figure 
3-1. Cells in softwood trees are 
about 1%” long. Cells in hard- 
wood trees are about V24" long. 
The walls of each cell are com- 
posed of cellulose matter. A tree 
grows by forming new wood 
cells. When new cells stop 
forming, the tree reaches full 
maturity and stops growing. 
Annual rings begin at the 
center of the trunk and continue 
outward to the bark. See Figure 
3-2. Each ring represents a year 
of cellular growth. Therefore, 
the age of a tree is very close 
to the number of annual rings. 
In drier seasons there is less 
growth, so some rings are nar- 
rower than others. A close look 
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at each annual ring shows 
that it is composed of an in- 
ner, light-colored section and 
an outer, darker section. The 
light-colored section is the early 
growth of a year and is known 
as springwood. The darker 
section develops later in the 
growing season and is known as 
summerwood. Springwood is 
usually weaker and less dense 
than summerwood. 


Figure 3-1. Wood is composed of tiny 
cells that are held together with a natural 
cement called lignin. (The cells are drawn 
here many times larger than their actual 
size.) Trees grow by forming new wood 
cells, and reach full maturity and stop 
growing when new cells stop forming. 


The outside covering of a tree 
consists of bark. A tree has two 
layers of bark. The outer layer 
is dry, dead tissue. The purpose 
of the outer bark is to protect a 


tree from exterior damage. The 
inner bark is moist and soft, and 
helps transport food from the 
leaves to all the growing areas 
of the tree. 

Directly underneath the bark 
is a very thin layer called the 
cambium. The light-colored 
section under the cambium is 
sapwood. The darker layer that 
extends from the sapwood to 
the pith (center) of the trunk is 
heartwood. The medullary rays, 
or wood rays, extend radially 
from the pith to the outer bark. 


-^ Color variation within wood is-—- 
influenced by many conditions 
including soil types, minerals, . 
water levels, available sunlight, 

-and temperature, 


Cambium 


New cells are formed in the 
cambium. The inner part of the 
cambium develops wood cells 
that become sapwood. The outer 
part of the cambium produces 
new cells that form the bark. 


Sapwood 


Sapwood is the growing portion 
of a tree. Food is stored and 
absorbed in the sapwood. Sap, 
the watery fluid that circulates 
through a tree, travels from the 
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Figure 3-2. Annual rings begin at the center of the trunk and continue outward to the bark. 


Each ring represents a year of cellular growth. 


roots, up through the sapwood, 
and to the leaves. A young tree 
consists entirely of sapwood. 


Heartwood 


As a tree grows, the number of 
annual rings increases. In addi- 
tion, the layers of wood nearest 
the center of the trunk undergo 
certain changes. The wood cells 
become inactive and no longer 
conduct sap and food. When this 
occurs, the sapwood in the cen- 
tral part ofthe trunk changes into 
heartwood and usually begins to 
darken in color. 

Lumber cut from sapwood and 
lumber cut from heartwood are 
about equal in strength. How- 
ever, heartwood is more decay- 
resistant. As a result, heartwood 
is more durable than sapwood 
when exposed to weather and is 
a better exterior finish material. 


Pith and Medullary Rays 


The pith is the small central core 
of a tree. Pith is a soft, spongy 
material and does not produce a 


good structural grade of lumber. 
Medullary rays start at the pith 
area and extend outward toward 
the outside of the trunk. Medul- 
lary rays store and transport food 
for the tree. 
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MOISTURE CONTENT OF 
WOOD 


Water accounts for a large per- 
centage of the weight of a living 
tree. Water is present in the cell 
cavities of the wood and cell 
walls. Green lumber (recently cut 
lumber) consequently has a high 
moisture content. 

Lumber begins to dry out as 
water in the wood cells evapo- 
rates. The water evaporates first 
from the cell cavities, then from 
thecell walls. When water has been 
depleted from the cell cavities 


but the cell walls still contain 
water, the fiber saturation point 
has been reached. Wood does 
not begin to shrink until after it 
reaches the fiber saturation point. 
Only when water begins to leave 
the cell walls do the cells begin 
to decrease in size, which causes 
the wood to shrink. 

Lumber gives off moisture until 
the amount of moisture in the 
wood is the same as the amount 
of moisture in the surrounding 
air. When this occurs, the lumber 
has reached a state of equilib- 
rium moisture content. When the 
equilibrium moisture content is 
reached, lumber stops shrinking. 

Moisture content can be tested 
in a laboratory by the oven-drying 
method shown in Figure 3-3. 
Moisture content can also be 
tested in the field with a moisture 
meter. See Figure 3-4. A moisture 
meter indicates an instant mois- 
ture content reading by measuring 
the resistance to current flow be- 
tween two points driven into the 
wood. A moisture content reading 
obtained with a moisture meter is 
not as accurate as the oven-drying 
method, but it is accurate enough 
for most construction purposes. 

Lumber should have a mois- 
ture content compatible with the 
air that will surround it after it is 
installed. In drier climates, lum- 
ber moisture content should be 
no more than 15%. In damp cli- 
mates, a lumber moisture content 
up to 19% is acceptable. Interior 
finish materials in most areas 
should have a moisture content 
between 6% and 12%. 


Effects of Moisture 
Content 


If lumber has too high a moisture 
content when used on a job, 
problems may develop from 
additional shrinkage. Framing 
members inside the walls may 
shrink as the wood dries out, 
causing plaster to crack or nails 
to pop out if gypsum board 
(drywall) is installed. Most wood 
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shrinkage occurs across the grain. 
A piece of lumber measuring 2" 
thick, 4" wide, and 8' long will 
shrink very little along its 8' 
length. The piece will, however, 
noticeably shrink across its 2" 
thickness and 4" width. See 
Figure 3-5. 

Wood strength increases as 
moisture content decreases 
because the cell fibers stiffen 
and become more compact 
as they dry out. Wood will 


Oven-Drying Method 
| cc —  . él NN 


A sample piece is 
weighed (15 oz). 


Sample is heated in oven at 
212*F until repeated 
weighings show no further 
weight loss. 


not decay (rot) if the moisture 
content is below 2096. Wood 
installed under conditions 
where the moisture content will 
remain higher than 2096 should 
be treated with chemicals that 
prevent decay. 


Many wood products today 
(such as plywood) consist of lay- 
ers of wood glued together. The 
glue bond of these wood prod- 
ucts improves as the moisture 
content of the wood decreases. 


Weight on final 


re-weighing (12 oz) is 
subtracted from original 
weight (15 oz), giving 
weight of water (3 oz). 


| dpud 


3 OZ WATER 


TOTAL WEIGHT 150z 


Oven-dried weight 
(12 oz) is divided into water 

weight (3 oz) giving moisture 
content percentage (25%). 


Figure 3-3. The moisture content of wood is the percentage of its weight that is water. The oven-drying method provides an accurate 


measure of moisture content. 


Lignomat U.S.A., LTD. 


Figure 3-4. A moisture meter is a convenient tool to use to check the moisture content of 


wood. 
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Figure 3-5. Most lumber shrinkage occurs 
across the grain. For example, a 2" x 4" x 8' 
piece of lumber will shrink more across its 
2" thickness and 4" width than along its 8' 


length. 


rees are one of our greatest 
natural resources. As the 
population of our country 
continues to grow, however, 


more trees are needed to supply : 
the lumber required for housing ` 


and other types of construction. 
Improved forest management 
and waste reduction in sawmill 
operations provide a partial so- 
lution to the increasing wood 
needs of the industry. 


SAWMILL OPERATIONS 


Approximately one-half of the 
bulk of a log processed in a 
modern sawmill exits as usable 
construction lumber. The other 
half ofthe log is residue, consist- 
ing of chips, bark, trimmings, 
shavings, and sawdust. In the 
past, residue was considered 
of no value and was burned as 
waste. Today, however, most 
residue is converted into use- 
ful products. Wood chips are a 
major source of wood fiber used 
by paper mills. Planer shavings 
and chips are ingredients in the 
manufacturing of panels used 
for sheathing and insulation. 
The manufacture of lumber 
begins in the forest where trees 
are cut. See Figure 4-1. Limbs 
and branches are removed, and 
the tree is cut into sections (logs) 


Lumber 
Manufacture 


John Deere Construction & Forestry Compony 


Figure 4-1. Trees are cut using a feller 
buncher that grasps a tree as it is sawn 
off at the base. Trees sustain less damage 
when felled in this manner. 


small enough to be transported 
by truck to a sawmill. See Figure 
4-2. The logs are processed into 
the different sizes of lumber 
used in construction work. See 
Figure 4-3. 


John Deere Construction & Forestry Company 


Figure 4-2. Log loaders stack logs on a 
truck for transport to a sawmill. 


APA—The Engineered Wood Associotion 


Engineered wood products, such as wood l-joists and glulam beams, make efficient use 


of wood and wood by-products. 
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Western Wood Products Associotion 


Figure 4-3. A log can be cut into many shapes and sizes of lumber. 


At a sawmill, logs are stored 
in ponds or are stored on the 
ground and continually sprayed 
with water to prevent shrinkage 
caused by drying. The logs are 
then transported to the sawmill 
from the merchandising deck 
as shown in Figure 4-4. Initial 
sawmill operations include 
debarking, which is a process 


of stripping the bark from a 
log. See Figure 4-5. The de- 
barked logs are cut into smaller 
sections, which are then cut 
into boards by a bandsaw. The 
boards travel by conveyor belts 
into a trimmer, which cuts the 
boards to standard lengths and 
also cuts off pieces containing 
defects. See Figure 4-6. 


Southern Forest Products Associotion 


Figure 4-4. Logs are conveyed into the sawmill from a log merchandising deck. 
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Southern Forest Products Associotion 


Figure 4-5. The logs pass through a 
debarker to remove bark and dirt, which 
may dull saw blades used in subsequent 
operations. 


SAWING METHODS 


Two primary methods are used 
to cut logs into lumber—plain- 
sawing and quartersawing. See 
Figure 4-7. Another sawing 
method, known as rift sawing, 
is used only for hardwood lum- 
ber. Each sawing method gives 
lumber a distinct grain pattern 
and also affects the performance 
characteristics of the lumber. 


Plainsawing Lumber 


When plainsawing lumber, the 
annual rings of the log are at an 
angle of 45? or less to the wide 
surface of the boards being cut. 
Plainsawing is also referred 
to as tangential cutting. Most 
lumber is produced using the 
plain-sawing method since it 
provides the widest boards and 
minimizes waste. When the 
plainsawing method is used for 
hardwood, the resulting lum- 
ber is referred to as plainsawn. 
When the plainsawing method 
is used for softwood, the lumber 
is referred to as flat-grained. 


Color variation within a wood 
species is influenced by many 
factors including minerals, soil 
type, available sunlight, water 
levels, and temperature. Actual 
color variations are caused by 
natural chemical extractives 

found in the cell walls of wood. 


Southern Forest Products Association 


Figure 4-6. Boards are fed into the trimmer by conveyor belts. A trimmer consists of a 
series of saw blades that remove defects and cut the boards to standard lengths. 


Lumber Sawing Methods 
Figure 4-7 p omm es 
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Figure 4-7. Lumber sawing methods include plainsawing, quartersawing, and rift sawing. 


Quartersawing Lumber 


When quartersawing lumber, 
the log is first quartered length- 
wise. Lumber is cut from each 
quartered section, with the cuts 
made at a 90? angle to the an- 
nual rings. The quartersawing 
method is more expensive than 
plainsawing, as it produces nar- 
rower boards and creates more 
waste. However, quartersawing 
produces a more attractive grain 
pattern in some hardwoods. In 
addition, there is less warpage 
in quartersawn wood. When the 
quartersawing method is used 


for hardwood, the resulting lum- 
ber is referred to as quartersawn. 
When the quartersawing method 
is used for softwood, the lumber 
is referred to as edge-grained. 


Rift Sawing Lumber 


When rift sawing lumber, the 
log is first quartered lengthwise, 
similar to quartersawing. Lumber 
is cut from each quartered sec- 
tion, with the cuts made at a 30? 
or greater angle to the annual rings. 
Rift sawing results in relatively 
narrow boards. Rift-sawn lumber 
is available in limited quantities 


and is only available in certain 
wood species. 


SEASONING METHODS 


Lumber must be seasoned (dried) 
properly before it is placed on 
the market. The two seasoning 
methods are air drying and kiln 


drying. 


Air Drying 

When air drying lumber, the 
newly produced lumber is 
stacked outside with wood 
strips placed between the layers 
of wood so that air can circulate 
around each piece. A shed or 
flat roof is often placed over the 
stack so rain cannot fall directly 
on the lumber. It takes several 
months for the lumber to sea- 
son adequately. Most softwood 
used for rough construction is 
seasoned by air drying. 


Kiln Drying 

When kiln drying lumber, the 
newly produced lumber is placed 
inatemperature-controlled build- 
ing called a kiln, which acts like a 
large oven. See Figure 4-8. First, 
steam is introduced into the kiln 
to increase the humidity (amount 
of moisture in the air) in the kiln. 
As the temperature in the kiln is 
gradually increased, the humid- 
ity level is decreased. Kiln-dried 
lumber is stamped with a "KD." 
Kiln drying is usually used for 
higher grades of hardwood lum- 
ber used for finish work. Kiln- 
dried lumber is more expensive 
than air-dried lumber. 
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Figure 4-8. Lumber is stacked on tram cars 
and transported into a kiln for seasoning. 
Note the stickers placed between rows of 
lumber to allow for complete circulation 
of air. 
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PLANING AND GRADING 


Lumber has a rough surface when 
itis cut froma log. After the lumber 
is properly seasoned, it must be 
finished in a planing mill. 

At the mill, the rough lumber 
passes through planers, which are 
machines with rotating knives 
that surface (smooth off) the 
sides and edges of the lumber. As 
the planed lumber moves along 
a conveyor belt, highly skilled 
workers called graders examine 
the boards for defects and mark 
each piece according to grade. 
The graded pieces are later sort- 
ed according to thickness, width, 
and length. See Figure 4-9. 


LUMBER DEFECTS 


Lumber defects may affect the 
strength, stiffness, or appear- 
ance ofthe lumber. Most lumber 
has some defects. The number 
and type of defects determine 
the lumber grade. Lumber with 
serious defects cannot be used 
for structural purposes. 


Natural Defects 


Many lumber defects occur from 
natural causes during the growth 
of the tree. Knots are the most 
common natural defect. As a 
tree grows, its upper limbs and 
limbs of surrounding trees cast 
shadows upon its lower limbs. 
The lack of light causes some 
lower limbs to die, decay, and 
fall away. However, a small 
piece of the dead limb may 
remain attached to the tree. As 
the tree continues to grow and 
expand, new sapwood is added 
to the trunk. The pieces of dead 
limb are covered over and be- 
come knots. 

Knots are found in most lum- 
ber. See Figure 4-10. If knots 
are sound (remain firmly in 
place), a few of them will not 
significantly affect the lumber 
strength. Knots are classified by 
their diameter as follows: 


e pin knot—¥2” or less 


e small knot—more than %” 
but less than 34" 
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Figure 4-9. Lumber is graded and sorted according to thickness, width, and length as it 


moves along a conveyor belt. 


26 CARPENTRY 


e medium knot—more than 
34" but less than 172" 


* large knot—more than 112" 


Other natural defects occurring 
in lumber are as follows: 


* wane—absence of wood or 
the presence of bark on the 
edge or corner of a piece of 
lumber. See Figure 4-11. 


e shake—lengthwise sepa- 
ration of wood fibers be- 
tween or through the annual 
rings 

e check—separation of wood 
fibers across the annual 
rings 

* split—separation of wood 
fibers across the annual 
rings (similar to a check) but 
extending entirely through 
a piece of lumber 


* pitch pocket—opening in 
the wood that contains 
solid or liquid pitch 


* pitch streak—section of 
wood fibers saturated with 
enough pitch to be visible 


Warping 

Warping is a distortion that 
occurs during the evaporation 
of water from the wood cells. 
Uneven shrinkage in the wood 
produces warping and results 
in twisted and uneven shapes 
of lumber. Common warpage 
shapes are the crown, bow, 
twist, and cup. See Figure 4-12. 
A crown (crook) is a deviation 
from a flat plane of the edge 
(narrow face) of a piece of lum- 
ber from end to end. A bowisa 
deviation from a flat plane of the 
wide face of a piece of lumber 
from end to end. A twist is a 
deviation from the flat planes 
of all four faces by a spiraling or 
torsional action, which is usually 
the result of improper seasoning. 
A cup is a deviation from a flat 
plane, edge to edge. 


Figure 4-10. Knots are found in most grades of lumber. A small number of sound knots 
will not significantly affect the lumber strength. 


Figure 4-11. Splits and wanes are among the lumber defects that occur from natural 


Causes. 


Figure 4-12. Warpage can occur during the 
evaporation of water from wood cells. 


Damage from 
Manvfacturing Processes 


Defects that mar the appearance 


of lumber may be caused during 4i ' 


sawmill operations. A list of 
these defects follows: 


* chipped, torn, raised, or 
loosened grain 

* skip marks that occur dur- 
ing surfacing 

* burns caused by machines 

* bite or knife marks 


WOOD PROTECTIVE 
TREATMENT 


Wood can be treated to make it 
resistant to fire, decay, and at- 
tacks from insects. Most wood 
treatments are designed to protect 
against fungi and termites since 
they are the main causes of seri- 
ous damage to lumber. The dam- 
age usually begins in the wood 
members near ground level. 


Damage Caused by Fungi 


Dry rot causes wood tissue 
to deteriorate, reducing the 
strength of a wood member. 
See Figure 4-13. Dry rot is the 
most common type of damage 
caused by a fungus. The fun- 
gus that causes dry rot lives in 
the wood and can be seen only 
with a microscope. Since dry 
rot fungus must have water to 
live, it can survive only in wood 
with a moisture content of at 
least 2096. The term dry rot is 
misleading, since the deteriora- 
tion begins under damp condi- 
tions. However, it is often not 
detected until after the wood 
has dried out. 

Other types of fungi cause 
specks, molds, and stains. These 
fungi are fairly harmless, since 
they damage only the surface of 
the wood, affecting its appearance 
but not its structural quality. White 
speck and honeycomb are ex- 
amples of surface damage caused 
by fungi. Wood with white speck 
has small white spots or pits in 
its surface. Honeycomb is similar, 
but the spots are larger or the pits 
are deeper. Another type of fun- 
gus causes blue stain, which is a 
blue-gray discoloration. 
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Wood Preservatives 


When most woods are exposed 
to common weather conditions, 
excess moisture or humidity 
levels, or ground contact, the 
woods will deteriorate. Four 
conditions are required for 
insect attack and deterioration to 
occur—moisture, oxygen, 50°F 
to 90°F temperature, and a food 
source such as wood fiber. If any 
of these conditions is missing, 
deterioration will not occur. 


Unit 4 Lumber Manufacture 27 


Figure 4-13. Dry rot is the breakdown of wood caused by a wood-destroying fungus. 


In some areas of the United 
States, moisture and oxygen levels 
and temperatures are more favor- 
able to wood deterioration than 
in other areas. See Figure 4-14. 
Therefore, wood preservatives are 
used to eliminate wood fiber as a 
food source. Wood preservatives 
contain chemicals that protect 
the wood against fungus decay 
and insect attack. Preservatives 
are divided into three major 
types—waterborne, oil-borne, 
and creosote. 


Waterborne Preservatives. 
Waterborne preservatives are 
used to treat lumber and panel 


Figure 4-14. 


Low deterioration level 


m Moderate deterioration level 


Intermediate deterioration level 


Wood Deterioration Levels 


products for residential, com- 
mercial, marine, agricultural, 
recreational, and industrial con- 
struction applications. Water- 
borne preservatives are the most 
common preservative specified 
for residential, commercial, and 
marine construction applica- 
tions. Waterborne preservatives 
are clean, odorless, and easy to 
paint. Waterborne preservatives 
do not contain any arsenical or 
chromium compounds, but they 
provide excellent decay and 
termite resistance. Common wa- 
terborne preservatives are listed 
in the table in Figure 4-15. 


m High deterioration level 
Ld Severe deterioration level 


Figure 4-14. Levels of wood deterioration vary depending on humidity levels and 


temperature. 
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Americon Hardwood Export Council 
Proper forest management techniques 
must be employed to ensure that an ad- 
equate supply of lumber can be provided 
to the construction industry. 


Chromated copper arsenate 
(CCA) is a waterborne preserva- 
tive that is no longer permitted to 
be used in residential and other 
consumer-related applications. 
However, CCA is an approved pre- 
servative for industrial, marine, 
commercial, and agricultural ap- 
plications such as piles and posts, 
permanent wood foundations, 
and wood shakes and shingles. 

Inhalation of sawdust from 
waterborne preservative-treated 
wood should be avoided. When 
sawing or machining treated 
wood, an approved particulates 
mask (dust mask) and goggles 
should be worn. If possible, sawing 
and machining operations should 
be performed outdoors to avoid 
accumulation of sawdust within 
a building. Wood treated with 
waterborne preservatives may be 
used inside residential structures 
as long as all sawdust and scrap 
are cleaned up and properly 
disposed of after construction. 
Waterborne preservative-treated 
wood should not be burned; 
rather, it should be disposed of 
by ordinary trash collection or 
burial. After working with treated 
wood, exposed body areas should 
be washed thoroughly. 


Oil-borne Preservatives. Best 
known in the form of pentachlo- 
rophenol, oil-borne preservatives 
are highly toxic to fungi and in- 
sects. However, pentachlorophe- 
nol may affect the surface color 
of the treated material. 


WATERBORNE PRESERVATIVES 


1 Interior, $ Inorganic Boron (SBX) 
dry or damp — 
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Imidacioprid (PTI) 


Imidacioprid (PTI) 


Ground - 
contact or 
fresh water 


. Propiconazole-Tebuconazole- 
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Copper Azole (CA-B) 
Copper HDO (CX-A) 
Copper Naphthenate (CuN-W) 
. Copper Quat (ACQ, M 
: Copper Azole (CA-B) | 


| Copper). 


"Copper HDO (CX-A) 


Copper Naphthenate (CuN-W) . 


...... Copper Quat (ACQ, Micronized Copper) 


Copper Azole (CA-B) 
. Copper Naphthenate (CuN-W) 
. Copper Quat (ACQ, Micronized Copper) 


Figure 4-15. Waterborne preservatives are used for residential, commercial, marine, 
agricultural, recreational, and industrial construction applications. 


Inhalation of sawdust from 
pentachlorophenol-treated wood 
should be avoided. When sawing 
or machining pentachlorophe- 
nol-treated wood, an approved 
particulates mask (dust mask) 
and goggles should be worn. If 
possible, sawing and machining 
operations should be performed 
outdoors to avoid accumulation 
of sawdust within a building. 
Direct contact with pentachloro- 
phenol-treated wood should be 
avoided; wear long-sleeved shirts, 
long pants, and gloves impervious 
to chemicals. Wood treated with 
oil-borne preservatives may be 
used inside residential structures 
as long as all sawdust and scrap 
are cleaned up and properly dis- 
posed of after construction. Penta- 
chlorophenol-treated wood should 
not be burned; rather, it should 
be disposed of by ordinary trash 
collection or burial. After work- 
ing with treated wood, exposed 
body areas should be washed 
thoroughly. 


Creosote. Creosote is one of the 
oldest preservatives, but has 
largely been replaced with other 
wood preservatives. It comes in 
a variety of mixtures and leaves 
a slight odor after it has been 
applied. Surfaces coated with 
creosote cannot be painted. 


Methods of Application. Wood 
preservatives may be applied 
by pressure or non-pressure 
processes. The pressure process 
is considered to be the most ef- 
fective since preservatives pen- 
etrate deeply into the wood. See 
Figure 4-16. Untreated lumber 
is loaded onto tram cars and 
rolled into long steel cylinders, 
which are then sealed. The 
cylinders are filled with the 
preservative. Intense pressure 
builds up inside the tank and 
forces the preservative deeply 
into the wood. 


urne 


The non-pressure process 
provides less protection than 
the pressure-treating process, 
but it is simpler and less expen- 
sive to apply. Untreated lumber 
is submerged in an open tank 
filled with preservative and al- 
lowed to soak for at least 3 min 
or the preservative is spray-ap- 
plied. Lumber treated with this 
type of surface barrier should 
only be used for enclosed in- 
terior framing applications. 
Surface-coated wood cannot 
be substituted where pressure- 
treated wood is required by the 
building code. 
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Figure 4-16. Untreated lumber is placed 
in large cylinders and impregnated with 
preservative. 
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Pressure-treated sill plates are typically required by building codes. Note the use of a 


sill sealer below the sill plate. 
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Exposure Conditions 


Proper use of pressure-treated 
lumber is determined by its 
exposure to the weather and 
exterior conditions. Most pres- 
sure-treated lumber is either 
rated for ground contact or 
above-ground exposure condi- 
tions. Ground contact exposure 
conditions include situations 
when pressure-treated lumber 
is in contact with the ground or 
freshwater. Above-ground expo- 
sure conditions include applica- 
tions such as sill plates, beams, 
joists, and decks. A grade mark 
used for pressure-treated lumber 
is shown in Figure 4-17. 
Pressure-treated lumber is re- 
quired for many structural appli- 
cations, including the following: 
* wood-framing members 
that rest on exterior founda- 
tion walls and are less than 
8" from exposed earth 
* sill plates and sleepers on 
a concrete or masonry slab 
that is in direct contact with 
the soil 
* joists or the bottom of a 
wood structural floor with- 
out joists closer than 18" to 
exposed soil 
* girders that are within 12” 
of exposed soil in a crawl 
space 
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Pressure-Treated Lumber Grade Marks 
| Figure 4-17 - 7 


AMERICAN 
EXPOSURE WOOD-PRESERVERS 
CONDITIONS ASSOCIATION STANDARD 


— MÀ — 


GROUND 


DRY OR 
KDAT 


2008 2007 
TAE CONTACT 
TREATMENT 
E C. 
INSPECTION pu 
AGENCY 
TRADEMARK ® ACQ .40 


WPW TREATING CO. 
Anytown, USA 


TYPE OF 
PRESERVATIVE 


PRESERVATIVE 
RETENTION 
LEVEL 


TREATMENT COMPANY 
AND LOCATION 


Figure 4-17. Grade marks for pressure-treated lumber include information about the 
exposure conditions for proper use of the lumber, and also indicate the type of preserva- 
tive used on the lumber. 


Fire retardants are applied 
the same way preservatives are 
applied. In a pressure process, 
wood is impregnated with the 
fire-retardant chemicals. In a 
non-pressure process, the wood 
receives a fire-retardant coating. 

Fire-retardant chemicals re- 
act to heat slightly below the 
temperature required to ignite 
the wood. When heated, the 
chemicals release a vapor that 
surrounds the wood fibers and 
sets off a reaction in the wood 
by forming a protective insula- 
tion char on the surface of the 
wood. The char prevents the 
wood from igniting and reduces 
the amount of smoke and toxic 
fumes caused by the fire. Fire-re- 
tardant wood products are also 
resistant to termites and decay. 
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Fire-Retardant Treatment 


Wood is a highly combustible 
material and methods are con- 
tinually being developed to pro- 
vide greater fire protection for 
construction lumber. Lumber 
that has been treated to make 
it fire-retardant is available for 
roof systems, beams, posts, studs, 
doors, hardwood paneling, and 
other interior trim products. 


Southern Forest Products Association 
Wood framing members and plywood used for permanent wood foundations must be 
pressure-treated. 
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Inhalation of sawdust from fire- 
retardant-treated wood should 
be avoided. When sawing or 
machining fire-retardant-treated 
wood, an approved particulates 
mask (dust mask) should be worn. 


If possible, sawing or machining 
operations should be performed 
outdoors. Direct contact with fire- 
retardant-treated wood should 
be avoided; wear long-sleeved 
shirts, long pants, and gloves 


impervious to chemicals. Fire- 
retardant-treated wood should 
not be burned; rather, it should 
be disposed of by ordinary trash 
collection or burial. 
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Softwood and 


| Hardwood 


umber is referred to by the 

same name as the tree it 

is produced from. For 
example, Douglas fir lumber 
is produced from a Douglas 
fir tree and walnut lumber is 
produced from a walnut tree. 
Trees and lumber are divided 
into two main classes—soft- 
wood and hardwood. The 
terms softwood and hardwood 
can be confusing since certain 
softwood lumber is physically 
harder than some hardwood 
lumber. In general, however, 
hardwoods are more dense and 
harder than softwoods. 


SOFTWOOD AND 
HARDWOOD TREES 


Softwood trees are called coni- 
fers. Conifers have thin needles 
and bear cones from which 
seeds germinate and grow. See 
Figure 5-1. Conifers are com- 
monly referred to as evergreens 
since they bear green needles 
throughout the year. Over 7596 
ofthe wood used for construc- 
tion applications is softwood. 

Most hardwood trees in 
North America are broad- 
leaved, deciduous trees, which 
lose their leaves in the autumn. 
See Figure 5-2. Hardwood 
lumber is typically used for 
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furniture and cabinetry where 
attractive grain patterns are 
desired. 


DOUGLAS FIR 
(PSEUDOTSUGA 
MENZIESII) 

Figure 5-1. Softwood lumber comes from 


evergreen trees, which bear cones and 
have needle-shaped leaves. 


RED OAK 
(QUERCUS RUBRA) 


Figure 5-2. Hardwood lumber comes 
from broad-leaved, deciduous trees, 
which lose their leaves in the fall. 


SOFTWOOD LUMBER 


Lumber used for rough con- 
struction, such as framing or 
concrete forms, is softwood. 
Softwood may also be used for 
finish products such as mold- 
ings, doors, and cabinets. In 
general, softwood products 
used for finish applications 
are painted rather than stained. 
Some of the more frequently 
used softwoods are as follows: 


* Douglas fir 

* white fir 

* white pine 

* ponderosa pine 
* sugar pine 

* southern pine 
* hemlock 

* spruce 

* Cypress 

* redwood 

* western red cedar 


Many softwood species have 
similar strength and stress 
characteristics and are used 
for general applications. How- 
ever, redwood and western red 
cedar are more decay-resistant 
than other species and are rec- 
ommended for exterior trim, 
siding, decks, and fences. See 
Figure 5-3. 

Availability of softwood lum- 
ber species, especially framing 
lumber, varies from one part of 


the country to another. Framing 
lumber species are typically 
selected based on the species 
native to the area in which the 
lumber is being used, since 
lumber is expensive to transport 
long distances. In the western 
United States, Douglas fir lum- 
ber is commonly used for rough 
construction since Douglas fir 
trees are abundant along the 


Pacific coast. In the southeastern ¢ 


states, various species of south- 
ern pine lumber (longleaf, slash, 
shortleaf, loblolly) are widely 
used for rough construction 
since these species are grown 
in forests ranging from Virginia 
to Texas. However, a certain 
species of framing lumber may 
be specified for a particular 
construction project due to its 
physical characteristics. 
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California Redwood Association 

Figure 5-3. Redwood is commonly used 

for exterior applications, such as fences 
and siding, since it is decay-resistant. 


Softwood Lumber 
Standards 


Voluntary Product Standard 
DOC PS 20-99, American Soft- 
wood Lumber Standard, es- 
tablishes the principal trade 
classifications and lumber sizes 
for yard, structural, and factory 
and shop use. The Standard is 
primarily based on the input 
of softwood lumber-producing 
industry associations including 
the Western Wood Products As- 
sociation, Southern Pine Inspec- 
tion Bureau, West Coast Lumber 
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Inspection Bureau, and North- 
ern Softwood Lumber Bureau. 
The Standard encourages uni- 
form grading rules, definitions, 
and markings. In addition, the 
Standard provides information 
to all areas of the U.S. and Canada 
about lumber sizes, design values, 
and other specifications. 
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The grade of lumber used on a 
construction project is usually 
stated in the specifications of the 
construction prints. Lumber grade 
is based on its strength, stiffness, 
and appearance. A high grade of 
lumber has few knots or other de- 
fects. A lower grade of lumber may 
have knotholes and loose knots. 
The lowest grades may have splits, 
checks, honeycombs, and warp- 
age. Based on the Western Lumber 
Product Use Manual, published 
by the Western Wood Products 
Association, the basic softwood 
end-use categories are Framing 
Lumber, Appearance Lumber, and 
Industrial Lumber. The end-use 
categories are further divided into 
various general classifications and 
lumber grades. 


Framing Lumber. Framing lumber 
is primarily used for structural 
load-bearing applications and is 
graded for its strength. Appearance 
of framing lumber is secondary un- 
less the lumber will be visible, as in 
exposed posts, ceiling beams, and 
roof beams. Framing lumber in- 
cludes Dimension lumber, Special 
Dimension lumber, and Timbers 
classifications. 

The Dimension lumber clas- 
sification includes products 
that are 2” to 4” thick by 2” and 
wider and includes studs, joists, 


planks, roof rafters, trusses, and 
other components that form the 
framework of a building. See 
Figure 5-4. Dimension lumber is 
further classified as follows: 


e Structural Light Framing 
(SLF). Structural Light Fram- 
ing lumber applications in- 
clude concrete forms, trusses, 
and engineered applications. 
Lumber that is 2 x 2 through 
4 x 4 and used where high- 
er strength design values 
are required is included in 
this classification. Struc- 
tural Light Framing grades 
are Select Structural, No. 1, 
No. 2, and No. 3. 

e Light Framing (LF). Lumber 

in the Light Framing classifi- 

cation includes 2 x 2s through 

4 x 4s that are not intended 

for load-bearing applica- 

tions. Light Framing lumber 
is used for non-load-bearing 
wall framing, plates, sills, 
and blocking. Light Fram- 
ing grades are Construction, 

Standard, and Utility. 

Stud. The Stud classification 

includes 2 x 2s through 4 x 

18s that are commonly used 

for vertical load-bearing walls. 

Lumberin the Stud classifica- 

tion is graded as Stud. 

Structural Joists and Planks 

(SJ&P). Structural Joists and 

Planks are used for horizon- 

tal load-bearing members 

such as floor joists, rafters, 
headers, and trusses, and in- 
clude 2 x 5s through 4 x 18s 
and lumber 5" and wider. 

Structural Joists and Planks 

grades are Select Structural, 

No. 1, No. 2, and No. 3. 


The Special Dimension lum- 
ber classification includes Struc- 
tural Decking and Machine 
Stress-Rated (MSR) lumber 
classifications. Special Dimen- 
sion lumber is further classified 
as follows: 


e Structural Decking. The Struc- 
tural Decking, or Roof Deck- 
ing, classification includes 
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2 x 4s through 4 x 12s that 
are used as roof covering. 
However, because of its 
load-bearing capacities, 
Structural Decking can 
also be used as floor deck- 
ing and solid sidewall 
construction. 

* Machine Stress-Rated 
(MSR) lumber. MSR lum- 
ber is Dimension lumber 
that has been evaluated by 
mechanical stress-rating 
equipment, which measures 
its stiffness and sorts it into 
various modulus of elasticity 
classes. Modulus of elastic- 
ity is a ratio of the amount 
a material bends in propor- 
tion to an applied load. The 
primary application of MSR 
lumber is trusses, but it is 
also used for floor and ceil- 
ing joists, rafters, and other 
applications where strength 
capabilities are a primary 
consideration. 


The Timbers classification is 
a general category as well as 
a classification for the larger 
sizes of structural framing lum- 
ber. The Timbers classification 
includes two grade groups— 
Beams and Stringers and Posts 
and Timbers. Descriptions of the 
grade groups follow: 


* Beams and Stringers. The 
Beams and Stringers grade 
group includes lumber ‘that 
is 5” and thicker, with the 
width more than 2” greater 
than the thickness. Nominal 
6 x 10s and 8 x 12s are includ- 
ed in this grade group. Beam 
and Stringers grades include 
Dense Select Structural, Dense 
No. 1, Dense No. 2, Select 
Structural, No. 1, and No. 2. 


Posts and Timbers. The 
Posts and Timbers grade 
group includes lumber that 
is 5” x 5” and larger, with 
the width not more than 2” 
greater than the thickness. 
Nominal 6 x 6s and 6 x 8s are 
included in this grade group. 
See Figure 5-5. Post and Tim- 
bers grades include Dense 
Select Structural, Dense 
No. 1, Dense No. 2, Select 
Structural, No. 1, and No. 2. 

Examples of Dimension lum- 
ber grading charts published 
by the Western Wood Products 
Association and Southern Pine 
Inspection Bureau are shown in 
the Appendix. Even though the 
charts show some variations in 
their sequence, they both fol- 
low the basic outlines of the 
American Softwood Lumber 
Standard. 


Southern Forest Products Association 


Figure 5-4, Dimension lumber is used for studs, plates, trusses, and other components 


that form the framework of a building. 
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Southern Forest Products Associotion 


Figure 5-5. Timbers are heavy structural 
members and are commonly used for 
posts, beams, and stringers. 


Appearance Grade Lumber. 
Good appearance is the main 
consideration for most grades 
of Appearance lumber. Appear- 
ance grade, or Board lumber, is 
visually inspected. The highest 
grades of Appearance lumber 
are typically not stamped with 
a grade mark as the stamping 
would deface the lumber. Differ- 
ences in grade designations exist 
for different species of lumber. 
For example, cedar and redwood 
have different grade designations 
due to the difference in color be- 
tween heartwood and sapwood 
in the lumber. 

In most cases, appearance 
grades apply to lumber 1” and 
thicker by 2” and wider. The 
highest grades are clear (without 
knots or other defects) or nearly 
clear and are used where the 
beauty of exposed lumber is the 
primary consideration. Appear- 
ance grade lumber is typically 
used for applications such as 
moldings, window and door 
frames, interior paneling, exteri- 
or siding, and floor decking. See 
Figures 5-6 and 5-7. Appearance 
grades range from clear lumber 
to rustic blue-stained boards 
that contain knotholes. 

Appearance grade lumber is clas- 
sified into two main categories— 
high-quality appearance grades 


and general-purpose appearance 
grades. High-quality appearance 
grades include Select, Finish, and 
Special Western Red Cedar Pattern 
grade groups. General-purpose 
appearance grades include Com- 
mon Boards, Alternate Boards, 
and Special Western Red Cedar 
Pattern grade groups. Each of the 
grade groups is divided into spe- 
cific grades. 

Lumber in the Select grade 
group is used for applications 
where only the best appear- 
ance is desired. Select grades 
are determined from the better 
side or face of the lumber. The 
Select grade group includes the 
following grades: 


e B & BTR. Lumber graded 
as B & BTR contains very 
few defects, and is very 
limited in availability. B & 
BTR lumber is used for fine 
furniture, exposed cabine- 
try, trim, and flooring. See 
Figure 5-8. 

C Select. C Select lumber 
contains small, tight knots, 
and may be nearly perfect 
on one side. C Select lum- 
ber is used for most furni- 
ture, shelving, and some 
trim and flooring. 

D Select. D Select lumber 
contains many pin knots 
and other small defects. D 
Select lumber is used for 
furniture interiors, shelv- 
ing, and some trim and 
flooring. 


Lumber in the Finish grade 
group is graded from the better 
side or face and from both edges 
on pieces 5” and narrower, and 
from the better side or face 
and one edge on pieces 6” and 
wider. Finish grades are typi- 
cally only available in Douglas 
fir and hemlock fir. The Finish 
grade group includes the fol- 
lowing grades: 

e Superior. Lumber with the 

Superior gradeis clear of most 
defects and imperfections. 


CORNER 
MOLDING 


PICTURE 
FRAME 
MOLDING 


Figure 5-6. Appearance grade lumber is used to make interior molding. 


e Prime. Lumber with the 
Prime grade includes a few 
minor defects or surface 
blemishes. 

* E. Lumber with an E grade 
is typically used for ripping 
and crosscutting to obtain 
smaller pieces of Prime or 
better quality lumber. 


California Redwood Association 


Figure 5-7. Appearance grade lumber, 
including redwood, is used for siding. 


BASE 
MOLDING 


The Special Western Red Ce- 
dar Pattern grade group is associ- 
ated only with the highest cedar 
grades, which are used for siding 
or paneling products. Lumber 
with the Clear Heart grade is used 
only where the highest quality is 
desired. The exposed surface of 
Clear Heart lumber is all heart- 
wood and free from imperfec- 
tions. The A grade only allows 
minor imperfections. 

The general-purpose appear- 
ance category includes the Com- 
mon Boards, Alternate Boards, 
and Special Western Red Cedar 
Pattern grade groups. Common 
Board grades are graded from 
the better face of the lumber 
and include various types of 
knots. Common Board grades are 
used primarily for grading pines, 
spruces, and cedars. The Common 
Board grades are as follows: 


* 1 Common and 2 Common. 
The 1 Common and 2 Com- 
mon grades are typically sold 
asa2 & BTR Common grade, 
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and are primarily used for 
paneling, shelving, and 
other applications where a 
knotty material with a fine 
appearance is desired. 

e 3 Common. Lumber with 
the 3 Common grade is also 
used for paneling, shelv- 
ing, and other applications 
where a knotty surface is 
desired, as well as for fenc- 
es, crating, sheathing, and 
industrial applications. 

* 4 Common. Lumber with 
the 4 Common grade is 
the most commonly used 
grade for bracing members 
of concrete forms, economi- 
cal fencing, and crating. See 
Figure 5-9. 

e 5 Common. Lumber with 
the 5 Common grade has 
many knots and is used 
only where other Common 
grades cannot be afforded. 


California Redwaod Association 


Figure 5-8. Finish appearance grades of 
redwood lumber may be used for interior 
paneling. 


The Alternate Boards grade 
group includes Select Mer- 
chantable, Construction, Stan- 
dard, Utility, and Economy 
grades, and is primarily used 
for Douglas fir and hemlock fir. 
Lumber in the Alternate Boards 
grade group is graded from the 
better face. Select Merchantable 
lumber is used in housing and 
light construction where it is ex- 
posed as paneling, in shelving, 
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and where knotty lumber is de- 
sired. Construction grade lum- 
ber is used for spaced sheathing, 
let-in bracing, fences, boxes, 
and industrial applications. 
Standard grade lumber is used 
for concrete forms, economical 
fencing, and crating. 


Figure 5-9. Concrete forms are commonly 
braced with 4 Common grade lumber. 


The Special Western Red 
Cedar Pattern General-Purpose 
grade group includes Select 
Knotty or Quality Knotty grades. 
Select Knotty and Quality Knot- 
ty grades are similar to 2 Com- 
mon and 3 Common grades, 
and are used for siding and 
landscape applications. 

Appearance lumber grade 
charts published by the Western 
Wood Products Association and 
the Southern Pine Inspection Bu- 
reau are found in the Appendix. 


Industrial Lumber. Industrial 
lumber is seldom available in 
retail stores since the lumber 
is typically bought and sold at 
the wholesale level. Industrial 
products are used and graded 
for structural, nonstructural, 
and remanufacturing purposes. 
Structural examples include 
timbers used to shore mine 
and tunnel ceilings and walls, 
scaffold planks, and foundation 


lumber. Nonstructural grades 
are used for fence pickets, lath, 
batten, and gutters. 


Remanufacturing lumber 
products, commonly referred 
to as factory and shop grades, 
are used in the manufacture of 
molding, shutters, windows, 
doors, furniture, cabinets, and 
case goods. Factory and shop 
grades are primarily used for re- 
manufacturing, and are shipped 
directly to mills and factories. 


Grade Marks 


Grade marks are stamped on 
lumber to provide grading infor- 
mation for end users. A typical 
grade mark includes the official 
certification mark of the grading 
association, such as the Western 
Wood Products Association or 
Southern Pine Inspection Bu- 
reau, lumber grade, mill identi- 
fication number, wood species, 
and surfacing and moisture des- 
ignations. See Figure 5-10. 
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SEASONING WHEN 
SURFACED 


WOOD 
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Western Wood Praducts Association 


Figure 5-10. Grade marks stamped on 
lumber provide grading and other relevant 
information. 


HARDWOOD LUMBER 


Hardwood accounts for approxi- 
mately 25% of total lumber pro- 
duction. Most hardwood species 
suitable for lumber are grown 
in the eastern United States. 
Hardwood lumber is typically 
more expensive than softwood. 
Hardwood lumber is used for 
moldings, stair treads, outside 
veneers of doors and wall panel- 
ing, and flooring. High-quality 
furniture and kitchen cabinets 
are often constructed from hard- 
wood. See Figure 5-11. 


Merillat Industries 


Figure 5-11. Hardwood lumber has an attrac- 
tive grain pattern and is commonly used for 
high-quality furniture and cabinets. 


Since many hardwoods have 
an attractive grain pattern, 
hardwood trim is typically used 
when a natural or stained finish 
is desired. Oak and poplar are 


the most commonly used hard- 
wood species. They account 
for over 6096 of total hardwood 
production. Other frequently 
used hardwoods are: 


walnut 
birch 
white ash 
beech 

elm 
maple 
mahogany 
basswood 
butternut 
chestnut 
yellow poplar 
gum 


Hardwood Grading System 


The National Hardwood Lum- 
ber Association (NHLA) is 
the main industry-wide or- 
ganization that developed 
and maintains the grades and 
applications for hardwood 
lumber in the United States 
and Canada. Appearance is the 
primary factor in determining 
most grades of hardwood lum- 
ber. Appearance is affected by 
lumber defects such as knots, 
knotholes, bird peck, bark, 
decay, splits, and warp. Other 
factors that define the grade of 
a piece of hardwood lumber 


are the percentage of high- 
grade yield from a piece and 
the number of cuttings (pieces) 
that can be produced. The 
primary grades of hardwood 
lumber are as follows: 


First and Seconds (FAS)— 
kiln dried, highest grade of 
hardwood lumber 

First and Seconds 1-Face 
(F1F)—select lumber that 
is 6" and wider 

Select—the better side is grad- 
ed FAS and the poorer side is 
graded No. 1 Common 

No. 1 Common—standard 
furniture grade 

No. 2A Common—standard 
grade for cabinets and mill- 
work and is also used for 
medium to short cuttings 
No. 2B Common—the same 
as No. 2A Common, but 
stains and other defects 
are allowed in the clear 
cuttings; good lumber for 
a paint grade 

No. 3A Common—widely 
used for flooring and pal- 
lets; often combined with 
No. 3B common and sold 
as No. 3 common 

No. 3B Common—not an ap- 
pearance grade; widely used 
for pallets and crating. 
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\ Size, Shapes, and ~ 
J Dimensions of Lumber 


orking with lumber, 
including ordering 
lumber, requires 


identifying the size, shape, and 
dimensions of the materials. In 
the United States, the English, 
or Imperial, system of measure- 
ment is predominantly used. 
Units of linear measurement 
in the English system include 
yards, feet, inches, and frac- 
tions of an inch. The SI metric 
system may also be used for 
building materials and compo- 
nents. Units of linear measure- 
ment in the SI metric system 
include meters, centimeters, 
and millimeters. 


LUMBER SIZE 


Lumber is usually referred 
to by its nominal size, which 
differs from its actual, or 
dressed, size. See Figure 6-1. 
A 2 x 4, for example, is 2” 
thick and 4” wide when it is 
cut from a log at the sawmill. 
However, lumber shrinks af- 
ter being seasoned (air-dried 
or kiln-dried), and surfacing 
at the planing mill further 
reduces its measurements. 
When a 2 x 4 is placed on 
the market, its actual size is 
1V2" x 312", Nevertheless, the 


38 


lumber is referred to as a 2 x 4 
(its nominal size) because its 
original dimensions were 2” x 4". 
See the Appendix for a listing 
of nominal and actual lumber 
dimensions. 


ACTUAL 
SIZE SIZE 


NOMINAL 


Figure 6-1. Nominal thickness and 
width compared to actual thickness 
and width. 


Nominal Dimensions 


Lumber measurements are 
stated in the following order: 
thickness, width, and length. 
For example, a piece of lum- 
ber 2” (nominal size) thick, 4” 
(nominal size) wide, and 16’ 
long is referred to as a 2 x 4 x 16. 
See Figure 6-2. 

Softwood lumber is typically 
sold in even lengths ranging from 
6’ to 24’. An extra (premium) 
charge is made for lumber over 


20’ in length. Hardwood lum- 
ber is usually sold in random 
widths and lengths (RWL). 


THICKNESS 


Figure 6-2. The abbreviated way of refer- 
ring to a piece of lumber 2” thick by 4” 
wide by 16’ long is 2x 4 x 16. 


ORDERING LUMBER 


Specifications included in a set 
of construction prints usually 
provide the species and grade 
of lumber to be used on a proj- 
ect. Specifications may also 
include the stress rating and 
moisture content ofthe lumber. 
Unless otherwise indicated, it 
is assumed that the lumber for 
a project is surfaced on all four 
sides (S4S). When ordering 
materials from a lumberyard or 
material supplier, the lumber 
species, grade, dimensions, 
and quantity are required. The 


quantity (except for molding) is 
stated in board feet. An example 
of a lumber order is: 

Douglas fir 

Standard grade 

S48, 2x 6 x 16 

4500 board feet 


Board Foot 


Lumber is usually priced by 
the board foot (BF). A board 
foot is 1" thick (nominal size), 
12" wide (nominal size), and 
12” long (1^ x 12” x 12”), or 
the equivalent. For example, 
a piece of lumber 1" thick, 6" 
wide, and 24" long equals 1 BF. 
See Figure 6-3. 


Figure 6-3. A board foot is equal to 
a piece of lumber 1" x 12" x 12", or 
any other measurement that contains 
144 cubic inches. 


The number of board feet in a 
piece of lumber is not the same 
as the number of lineal feet. For 
example, a 2x 4 x 16 is 16 lineal 
feet long and is approximately 
equal to 10.7 BF. To determine 
the number of board feet in a 
piece of lumber, the following 
formula is used: 


(TxWxL) 
m 12 


where 


BF = board feet (in BF) 

T = thickness (in in.) 

W = width (in in.) 

L -length (in ft) 

12 = constant 
For example, determine the 
number of board feet in a piece 


of lumber measuring 2" thick by 
4" wide by 16' long: 


ye Ox) 
12 
BF- (2x 4 x 16) 
12 
BF = 128 
12 


BF = 10.67 or 1073 BF 


On most construction jobs, 
many pieces of the same-size 
lumber are ordered. The follow- 
ing formula is used to determine 
the total number of board feet 
when multiple pieces of the 
same-size lumber are ordered: 


pr - No: x T x WM XEJ 
12 
where 


BF = board feet (in BF) 

No. = number of pieces 

T  -thickness (in in.) 

W = width (in in.) 

L  -length (in ft) 

12 = constant 
For example, determine the 
number of board feet in 35 
pieces of lumber measuring 2" 
thick by 4" wide by 16' long: 

(No. < TW x 1) 


BF =—— E 
BF = (35x2 x4 x16) 
12 
BF= 4480 
12 


BF = 373.33 or 373% BF 


To determine the cost of 
lumber, multiply the number 
of board feet by the cost per 
board foot as in the following 
formula: 

Total cost = BF x Cost per BF 
where 

Total cost = total cost (in 

dollars) 

BF = board feet (in BF) 

Cost per BF = cost per board 

foot (in dollars) 
The total cost of the lumber 
in the preceding example is 
determined by rounding the 
number of board feet to the 


next highest whole number 

(374 BF) and multiplying by the 

cost per board foot as follows: 
Total cost = BF x Cost per BF 
Total cost = 374 x $1.79 
Total cost = $669.46 


TYPES OF SURFACING 


Most softwood lumber used in 
construction is surfaced on both 
sides and both edges. The edge 
of a piece of lumber is its nar- 
rowest dimension. The side is its 
widest dimension. A 2 x 4 has 2" 
edges and 4" sides. Lumber can 
also be ordered with all rough 
surfaces, or with a combination 
of smooth and rough surfaces. 
Mill-cabinet shops often order 
materials that have rough edges 
and smooth sides. A board with 
unsurfaced edges is wider, so 
more pieces can be cut from it. 

A special type of rough sur- 
facing is applied to resawn 
lumber. The pieces are run 
through a special bandsaw that 
produces a coarse, textured pat- 
tern on the surface of the wood. 
See Figure 6-4. Resawn lumber 
is most often used for exterior 
trim, siding, or paneling. 


APA—The Engineered Wood Associotion 


Figure 6-4. Hesawn lumber has an attrac- 
tive textured surface. 


Abbreviations are used to 
indicate the type of surfacing 
required. For example, lumber 
surfaced on all four sides is 
specified as S45 lumber. Com- 
mon abbreviations for lumber 
surfacing are as follows: 

e S1S— surface on one side 

e S2S—surface on two sides 

e S4S—surface on four sides 
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* S1E—surface on one edge 

* S2E—surface on two edges 

e S151E— surface on one side 
and one edge 

e S152E— surface on one side 
and two edges 

e S2S1E—surface on two 
sides and one edge 

e S/S—saw sized (resawn) 


STANDARD SIZES 


Boards, Dimension lumber, and 
Timbers are available in stan- 
dard sizes. The actual size is 
always smaller than the nominal 
size. Forexample, the actual size 
of a 2 x 4 is 1%” thick and 3%” 
wide. See Figure 6-5. Additional 
standard sizes are found in the 
Appendix. 


METRIC MEASUREMENT 


In 1975, the United States Con- 
gress passed the Metric Conver- 
sion Act. In 1998, the Metric 
Conversion Act was amended by 
the Omnibus Trade and Com- 
petitiveness Act, which estab- 
lished the metric system as the 


Nominal Actual 


* in in. 


preferred measurement system 
in the United States. The pur- 
pose of this act was to encourage 
U.S. businesses to replace the 
English measurement system 
with the SI metric system. Met- 
ric measurements are specified 
on federal construction projects. 
However, English measure- 
ments are typically specified for 
residential and light commercial 
construction projects. In recent 
years, national code books, 
such as the National Electrical 
Code®, have begun providing 
both English and SI metric mea- 
surements. Many manufacturers 
of lumber and nonstructural 
building materials also include 
metric dimensions in their 
specifications. 


Metric Linear 
Measurement 


The meteris the basic unit of lin- 
ear measurement in the SI metric 
system. A meter is divided into 
decimeters (dm), centimeters 
(cm), and millimeters (mm). 


STANDARD LUMBER SIZES 


Figure 6-5. The actual size of lumber is always smaller than the nominal size. 
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See Figure 6-6. Millimeters are 
the smallest division of a meter 
used in carpentry and are the 
standard unit of measurement 
for materials and metric con- 
struction plans. Following are 
comparisons of English and SI 
metric units: 
39.37” or 3-372 = 1 m 


1’ = .3048 m 
1’ = 3.048 dm 
1’ = 30.48 cm 
1’ = 304.8 mm 
1” = 0254 m 
1” =.254 dm 
1” = 2.54 cm 
1” = 25.4 mm 


Metric measurement is based 
on a system of 10. To convert to 
the next smaller unit, multiply 
by 10. For example, to determine 
the number of millimeters in 
2.5 cm, multiply by 10 (2.5 cm x 
10 = 25 mm). To convert to the 
next larger unit, divide by 10. For 
example, to determine the num- 
ber of meters in 150 dm, divide by 
10 (150 dm + 10 = 15 m). 


Methods of converting English 
and metric measurement are 
shown in Figure 6-7. Conversion 
tables for area, volume, liquid, 
weight, pressure, and tempera- 
ture are found in the Appendix. 


Metric Lumber and Panel 
Sizes 


Metric lumber and panel sizes 
are based on the actual standard 
lumber sizes and are expressed 
in millimeters (mm). See Figure 
6-8. For example, the metric 
lumber size of a 2 x 8, which 
is 38 x 184, is based on the ac- 
tual size of 1%” x 74", Actual 
lumber sizes are converted to 
their metric equivalents using 
soft conversion in which little 
rounding of the equivalents 
occur. Panel sizes are soft con- 
verted or hard converted, de- 
pending on the application. 

Soft conversion is an exact 
or nearly exact conversion 
of English (U.S. Customary) 
measurements to their metric 
equivalents by multiplying by 
a metric conversion factor and 
rounding to a practical level of 
precision. 

Hard conversion is an approx- 
imate conversion of an English 
measurement. Hard conversion 
measurements are convenient to 
work with and remember. Hard 
conversion is often preferred to 
eliminate odd metric values of 
soft conversion. 


* in in. 


— M 


Figure 6-6 
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Metric Linear Measurement 
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yards (yd) ^ 1.09 


Figure 6-7. English and metric measurements may be required to be converted. Additional 
conversions are included in the Appendix. 


t in mm 
t in ft 


1/2 x 3% 38 x 89 
19e x 5% ^ 38 x 140 
MAXTA A 38x184 — 
1x9 38x235- 


38x286 


Figure 6-8. Metric lumber and panel sizes are based on the actual sizes and are expressed 
in millimeters. 
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Engineered Wood ___ 
Products | 


ngineered wood products 
are a class of building ma- 
terials manufactured from 
solid and reconstituted wood 
products, which are combined 
with waterproof adhesives, 
resins, and other binders and 
subjected to extreme heat and 


pressure to form panels, timbers, - 


and other structural or non- 


structural products. Engineered 


wood products may be as strong 
and dimensionally stable as tra- 
ditional solid lumber products. 


Engineered wood products 
may be manufactured from 
mill residue and short lumber 
pieces that were previously 
considered waste, resulting in 
environmental benefits. Long- 
span lumber, traditionally har- 
vested from old-growth forests, 
can now be manufactured as 
engineered wood products. 

Engineered wood products 
are a major material in the con- 
struction industry, and can be 
used for most structural appli- 
cations. Engineered wood panels 
are commonly used for exterior 
walls and roof sheathing, and 
for subfloors in wood-framed 
floors. Engineered lumber prod- 
ucts are frequently used for 
heavy beams, headers, studs, 
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joists, rafters, and other fram- 
ing members. See Figure 7-1. 


mee euo | "2 
APA—The Engineered Wood Associotion 


Trus Joist, A Weyerhoeuser Business 


Figure 7-1. Engineered wood products, 
such as oriented strand board and 
wood I-joists, are commonly used for 
structural applications. 


ENGINEERED WOOD + 
PANELS 


Although plywood is still 
widely used in construction, 
especially for finish applica- 
tions, engineered wood panels, 
such as oriented strand board 
and composite panels, are less 
expensive and provide similar 
performance results. 

A performance rated panel 
is a structural wood panel that 
conforms to performance-based 


standards such as dimensional 
stability, bond durability, and 
structural integrity. Structural 
panels used for a specific ap- 
plication must meet the same 
minimum performance re- 
quirements, regardless of the 
composition of the panels or 
manufacturing process used 
to make them. In the past, 
plywood manufacturing tech- 
niques and materials varied 
little from mill to mill. How- 
ever, as new techniques and 
materials became available, 
mills used a variety of tech- 
niques and a wider range of 
wood species. Therefore, it 
became necessary to develop 
performance-based standards 
for wood panels. 


Guidelines for performance 
rated panels are based on prod- 
uct standards recommended by 
the U.S. Department of Com- 
merce using input from major 
industry organizations such as 
APA—The Engineered Wood 
Association. Voluntary Product 
Standard PS 1-95, Construc- 
tion and Industrial Plywood, 
and PS 2-92, Performance 
Standard for Wood-Based 
Structural-Use Panels, detail 
the minimum performance 
standards for performance 
rated panels. 


Performance rated panels are 
manufactured as conventional 
veneered plywood, panels com- 
posed of wood strands and fibers 
such as oriented strand board 
and hardboard, and structural 
composite panels composed of 
veneer faces and reconstituted 
wood cores. See Figure 7-2. 


PLYWOOD 


ORIENTED COMPOSITE 
STRAND PANEL 
BOARD 


APA—The Engineered Wood Association 
Figure 7-2. Performance rated panels 
include plywood, oriented strand board, 
and composite panels. 


Plywood 


Plywood is the original engi- 
neered wood product. It was 
first manufactured in the early 
1900s, primarily for furniture 


CLASSIFICATION OF WOOD SPECIES 


. Apitong Cedar, Port Orford 
Beech, American Cypress 
Birch Fir 
Sweet Balsam 
Yellow California Red 
Douglas fir Grand 
Kapur Noble 
Keruing Pacific Silver 
Larch, Western White 
Maple, Sugar "^ Hemlock, Western 
Pine ^. Lauan 
Carribean i Almon 
Ocote Bagtikan 
Pine, Southern Mayapis 
Loblolly Red Lauan 
Longleaf Tangile 
Shortleaf White Lauan 
Slash 


Com 


Maple, Black 


LT LEGALS a ae T LOS 


production. Around 1940, ply- 
wood began to replace board 
lumber as wall and roof sheath- 
ing and subfloors. 

Structural plywood panels are 
manufactured from softwood 
lumber. The particular softwood 
species used for plywood affects 
the strength and stiffness of ply- 
wood panels. Most structural 
plywood is manufactured from 
Douglas fir and various species 
of pine. More than 70 other wood 
species are also used in plywood 
manufacture. Wood species are 
classified into five groups, with 
species in Group 1 being the 
strongest and Group 5 being the 
weakest. See Figure 7-3. 

Plywood panels consist of an 
odd number of Jayers such as 
three, five, or seven. Each layer 
consists of one or more plies. A 
ply is a single veneer sheet. The 
layers of a plywood panel are 
cross-laminated, a process in 
which each layer is placed with its 
grain at a 90° angle to the adjacent 
layer. Cross-lamination provides 
greater strength and stiffness in 
both directions while minimizing 
shrinkage and swelling in each 
direction. The outer layers of the 
panel are the face veneer and back 
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Aider, Red 

Mengkulang Birch, Paper 
Meranti, Red Cedar, Alaska 
Mersawa Fir, Subalpine 
Pine Hemlock, 

Pond Eastern 

Red Maple, Bigleaf 

Virginia Pine 

Western White Jack 
Spruce Lodgepole 

Black Ponderosa 

Red Spruce 

Sitka » Redwood 
Sweetgum Spruce 
Tamarack Engelmann 
Yellow Poplar White 


Figure 7-3. Strength and stiffness properties are affected by wood species. 


Aspen 


veneer. The grain direction of the 
outer layer is always along the 
longest dimension ofa plywood 
panel. Beneath the outer layers 
are the crossbands and the core 
(center layer). See Figure 7-4. 


FACE VENEER 


Figure 7-4. Cross-lamination provides 
dimensional stability to plywood panels. 


Plywood Panel Sizes. Most ply- 
wood panels are manufactured 
in 4’ x 8’ sheets, but 4’ x 10’ 
sheets are also available. Some 
mills also produce plywood 
panels measuring up to 5’ wide 
by 12’ long. Common thick- 
nesses of plywood panels used 


Basswood E 
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Quaking 


Cativo 
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Incense 
Western Red 


Cottonwood 


Eastern j 
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for wall and roof sheathing and 
subfloors are 94e", 36", V", 54”, and 
y”. A 1%” thick plywood panel 
is often required for post-and-beam 
floors. Plywood panels are avail- 
able with tongue-and-groove or 
square edges. 


Plywood Manufacture. Con- 
tinuous strips of veneer are 
peeled off specially prepared 
and debarked peeler logs that 
have been cut from longer logs 
to a length that will fit into a 
veneer-cutting lathe. The strips 
of veneer are cut to length and 
placed on a revolving table to be 
sorted by grade. Defects, such as 
knots and other imperfections 
in the veneers, are removed us- 
ing a die cutter. The veneers are 
then glued and assembled into 
plywood sheets and subjected 
to intense heat and pressure in 
a hot press. See Figure 7-5. The 
sheets are then trimmed to size 
and stored in a warehouse for 
shipment to distributors. . 


Plywood Manvfacture 
Figure 7-5 t m 


© Veneer peeled from peeler log in 
continuous strips. 


[4] Veneer glued and assembled into sheets. 


7 4 


Figure 7-5. The manufacture of plywood be 
to produce plywood panels. 
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Plywood veneers are graded 
according to their appearance, 
natural growth characteristics 
(such as knots and splits), and 
the size and number of repairs 
made during manufacture. High- 
grade veneers are used as face 
and back veneers on panels that 
will be exposed. If both sides of 
the panel will be exposed, high- 
grade veneers are used on both 
sides. If only one side will be 
exposed, a lower grade veneer 
is used on the unexposed side. 
Veneer grades and their descrip- 
tions are listed in Figure 7-6. 


Hi 
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o Veneer placed on a revolving table and 


graded. 


Overlaid Plywood * 


Overlaid plywood is a plywood 
panel with factory-applied, res- 
in-treated fibers on one or both 
sides of the panel. Four common 
types of overlaid plywood are 
as follows: 


e medium density overlay 
(MDO) plywood 

e high density overlay (HDO) 
plywood 

* Plyform? 

e fiberglass-reinforced-plastic 
plywood 


MDO and HDO Plywood. MDO 
and HDO plywood panels have 
opaque, resin-treated fiber over- 
lays bonded to plywood with 
waterproof glue under heat and 
pressure. Overlays for MDO 
plywood are less dense than 
HDO overlays, and are applied 
on one or both sides of panels. 
Overlays for HDO plywood are 
applied to both sides of panels 
and have high chemical and 


© Defects and imperfections 
removed with a die cutter. 


O Panels subjected to intense heat and pressure. 
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gins with peeling veneer strips from peeler logs. The veneer strips are then cross-laminated 


abrasion resistance. HDO ply- 
wood is typically available in 
natural colors, but brown, black, 
and olive drab colors are also 
available. 

MDO plywood provides a 
smooth, toothed surface for a 
paint base, and is recommended 
for siding and other exterior 
applications. See Figure 7-7. 
MDO plywood is also used for 
built-in furniture and cabinets, 
and signs. HDO plywood is used 
for concrete forms, highway 
signs, countertops, and other 
demanding applications. HDO 
plywood concrete forms can be 
reused 20 to 50 times provided 
they are properly maintained. 
HDO plywood is recommended 
where a smooth concrete finish 
is desired. 


Plyform. Plyform is a perfor- 
mance rated plywood panel 
used for concrete forms. Even 
though other types of exterior 
plywood panels can be used as 
concrete forms, Plyform panels 
have an overlay which provides 
additional surface protection. 
The surface protection, com- 
posed of thermosetting resins, 
increases water, chemical, and 
abrasion resistance of the forms 
and increases panel stability, 
resulting in a smoother, more 
durable forming surface. See 
Figure 7-8. 

The two basic grades of Ply- 
form are Plyform Class I and Ply- 
form Class II. Each grade can be 
ordered with an HDO surface on 
one or both sides. The primary 
difference between the Plyform 
grades is the wood species used 
in the manufacture ofthe panels. 
The strength of the wood species 
in the different groups varies, 
with Group 1 species being the 
strongest and Group 5 being the 
weakest. 

Plyform Class I panels have 
Group 1 species on the face and 
back for high strength and stiff- 
ness properties. Plyform Class 
I panels are also available as 


VENEER GRADES 


N Smoothly cut 100% heartwood or 100% sapwood. Free from knots, 
knotholes, pitch pockets, stain, and other defects. Not more than six neatly 
made repairs. Intended for natural finish. 


Smooth, paintable. Not more than eighteen neatly made repairs, boat, sled, 
A or router type, and parallel to grain, permitted. May be used for natural finish 
in less demanding applications. 


Eg 


B Solid surface, Shims, circular repair plugs and tight knots to 1" across grain 


permitted. Some minor splits permitted. 


Improved C veneer with splits limited to 4%” width and knotholes and borer 


Plugged permitted. 


holes limited to 4” x 4%”. Admits some broken grain. Synthetic repairs 


Tight knots to 1*2", Knotholes to 1” across grain and some to 177" if total 

C width of knots and knotholes is within specified limits. Synthetic or wood 
repairs. Discoloration and sanding defects that do not impair strength 
permitted. Limited splits allowed. Stitching permitted. 


Knots and knotholes to 274" width across grain and 1⁄2” larger within specified 
D limits. Limited splits are permitted. Stitching permitted. Limited to interior 
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Figure 7-7. Medium density overlay plywood is used for siding and other exterior 
applications, and provides a smooth, toothed surface for a paint base. 


Structural IPlyform when additional 
strength is required. Structural I 
Plyform panels use Group 1 spe- 
cies throughout the panel, and are 
recommended where face grain is 
parallel to its supports. Plyform Class 
II panels may have Group 2 faces 
and backs and are adequate for most 
concrete-forming applications. 
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Nonoverlaid Plyform, referred 
to as B-B Plyform, is made of B- 
grade veneer, and is available as 
Class I, Class II, and Structural 
I grades. B-B Plyform is sanded 
on both sides and is treated 
with a release agent at the mill. 
Unless B-B Plyform panels have 
been recently manufactured, 
additional release agent may be 
required at the job site, and an 
edge sealer should be applied 
prior to first use. B-B Plyform 
panels may be reused 5 to 10 
times if properly maintained. 
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Figure 7-8. Plyform is a performance rated 
plywood panel that provides a smooth and 


durable concrete-forming surface. 


Fiberglass-Reinforced-Plastic Ply- 
wood. l'iberglass-reinforced-plastic 
(FRP) plywood is an engineered 
panel product that consists of 
a tough glass fiber-reinforced 
overlay bonded to plywood. See 
Figure 7-9. Overlay materials are 
as follows: 


e fiberglass-woven fabric satu- 
rated with resin and cured 
under heat and pressure 

* glass fiber mats saturated 
with resin, which are ini- 
tially cured and bonded to 
the plywood surface and 
finally cured in a hot press 
under heat and pressure 

* chopped glass strands and 
resin sprayed on the ply- 
wood and cured under heat 


Overlay thicknesses range from 
25 mils to 60 mils and are bonded 
to 4” to 1%” thick plywood pan- 
els. Surfaces vary from extremely 
smooth to textured skid-resistant 
and aggregate-filled surfaces. 

For construction applications, 
such as concrete forms, FRP 
plywood is typically available 
in 4’ x 8’ panels. However, larger 
panels are available for other ap- 
plications such as shipping con- 
tainers and walk-in coolers. 
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FIBER-REINFORCED 
OVERLAYS 


PANEL 


GRAIN IN 
DIRECTION OF 
LONGEST PANEL 
DIMENSION 


Figure 7-9. Fiberglass-reinforced- 
plastic plywood panels consist of 
fiber-reinforced overlays bonded to a 
plywood panel. 


Oriented Strand Board 


Oriented strand board (OSB) is 
structural wood panels manu- 
factured from reconstituted, 
mechanically oriented wood 
strands that are bonded with a 
waterproof adhesive under heat 
and pressure. OSB is commonly 
used for roofand wall sheathing, 
for subfloors, and as the webs of 
wood I-joists. See Figure 7-10. 
OSB is available in 4’ x 8’ and 
4’ x 10’ sheets with thicknesses 
ranging from 4” to 34". 

OSB is manufactured from first- 
and second-growth trees. After 
logs are shredded into uniform 


strands up to 6” long, they are 
mixed with a waterproof adhe- 
sive and a small amount of wax. 
The strands are then formed into 
layers with the strands oriented 
in the same direction. Three 
to five layers are compressed 
together, with the strands in 
each layer at a right angle to 
the strands of the layer above 
or below. See Figure 7-11. The 
cross-lamination of the strands 
distributes the wood’s strength 
in both directions of the panel. 
Most OSB sheathing panels have 
a nonskid surface on one side 
for construction site safety. 


Figure 7-10. Oriented strand board is a 
structural wood panel commonly used for 
wall sheathing. 


OSB has strength comparable 
to structural plywood and offers 
the following advantages: 


* OSB has expanded the use 
of relatively weaker spe- 
cies, including aspen and 
western red cedar, making 
it possible to utilize a much 
broader timber resource. 

* OSB panels are less expen- 
sive than plywood panels. 
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These 55° high reinforced concrete arches were formed using a high density overlay 


plywood gangform composed of 400 panels. 


OSB Manufacture 


1 Figure 7-11 


JACKLADDER ~ 


Strands are deposited into wet bins to 
maintain moisture content. 


Strands proceed through forming line 


where cross-directional layers are 
formed. 


Strands are dried to proper moisture 


content. 


HOT PRESS ^ 


Panels are formed under intense 
heat and pressure. 


BLENDER 


Strands are mixed with resin and a 


small amount of wax to improve 
moisture resistance. 


GANG SAW 


Panels are cooled, cut to proper 
dimensions, and grade stamped. 


Figure 7-11. The manufacture of oriented strand board (OSB) begins with soaking and debarking logs before they are shredded. Wood 
strands up to 6” long are formed into layers and cross-laminated to provide OSB with its strength and dimensional stability. 


Composite Panels 

Composite panels consist of ve- 
neer faces that are bonded to a 
wood fiber core, such as OSB, al- 
lowing an efficient use of wood 
resources while retaining the 
wood grain appearance on the 
panel face and back. Composite 
panels offer the advantages of 


structural panels while provid- 
ing an appearance-grade finish. 
Composite panel applications 
include sheathing and siding. 
Composite panels are avail- 
able in three and five layers. 
Three-layer panels have wood 
fiber cores and veneer faces and 
backs. Five-layer panels have 


a wood fiber core with wood 
crossbands and veneers on each 
side. See Figure 7-12. 
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Composite Panels 
| Figure 7-12 —- 


WOOD FIBER 
CROSSBANDS 


THREE-LAYER 


VENEER 
d 


FIVE-LAYER 


Figure 7-12. Composite panels have veneer faces with wood fiber crossbands and core. 


Panel Categories 


Performance rated panels are 
principally categorized based 
on their end uses —roof, floor, 
and wall sheathing, single-layer 
flooring, or exterior siding. Other 
considerations when determin- 
ing performance rated panel 
categories are wood species, 
span ratings, resins and other 
adhesives, bending strength, and 
stiffness. APA performance rated 
panel categories are as follows: 


e APA Rated Sheathing. Used 
for applications where the 
highest strength and stiff- 
ness are required, such as 
subfloor and wall or roof 
sheathing. Rated Sheath- 
ing panels used for exte- 
rior applications should 
have an exterior exposure 
durability classification. 
Rated Sheathing panels 
are also available as APA 
Rated Sheathing/Ceiling 
Deck where one surface 
has an overlay, texture, or 
grooves applied to it. Com- 
mon thicknesses for APA 
Rated Sheathing panels are 
mAs A”, Ve”, 152, W2”, 12, 
8”, BA”, and y”. 
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Structural I. Structural 
I panels are APA Rated 
Sheathing panels with in- 
creased racking and cross- 
panel strength properties. 
Structural I panels are com- 
monly used for applica- 
tions such as structural 
diaphragms and panelized 
roofs. 

APA Rated Wall Bracing. 
Used for wall sheathing 
where only diagonal brac- 
ing would typically be re- 
quired. Some APA Rated 
Wall Bracing panels also 
have special fire-resistance 
properties. 

APA Rated Sturd-I-Floor? 
Combination subfloor/under- 
layment panel commonly used 
for flooring under a carpet and 
pad. The panels also provide 
extra resistance to punctures. 
When resilient flooring, such 
as vinyl, is applied over Sturd- 
I-Floor panels, an additional 
layer ofthin, sanded under-lay- 
ment is recommended. APA 
Rated Sturd-I-Floor panels 
are available with square or 
tongue-and-groove (T&G) 
edges. T&G panels are typi- 
cally 4712" wide. APA Rated 


Sturd-I-Floor is available in 
Exterior and Exposure 1 clas- 
sifications in 1957", 96", 2/52", 94”, 
76", 1", and 114" thicknesses. 

APA Rated Siding. APA 
Rated Siding panels are used 
as panel and lap siding, and 
can be placed over sheathing 
or directly over studs using 
special construction tech- 
niques. A variety of surface 
textures are available in- 
cluding rough sawn, reverse 
board and batten, channel 
groove, and brushed. Lap 
siding is available in widths 
up to 12" and in lengths up 
to 16’. Panel siding is avail- 
able in 1442”, 96", “As”, 12”, 
V", 1957". and 9$" thicknesses 
and in 4' x 8’, 4 x 9’, and 4’ 
x 10' widths and lengths. 


Each APA performance rated 
panel category is divided into 
exposure durability classifications 
as follows: 


Exterior panels have a water- 
proof bond and are designed 
for applications where they 
may be permanently exposed 
to weather or moisture. 
Exposure 1 panels have a 
waterproof bond and are de- 
signed for applications where 
long construction delays, high 
humidity, or water leakage 
may be experienced prior to 
providing protection. Approx- 
imately 9596 of performance 
rated panels are Exposure 1 
durability classification. 
Exposure 2 panels are suit- 
able for interior applications 
where exposure to high hu- 
midity or water leakage may 
be experienced. 

Interior panels are manu- 
factured with interior glue 
and are intended only for 
interior use. 


APA Performance Rated 
Panel Trademarks 


A trademark is stamped on one 
face and one edge of a panel 
at the time of its manufacture. 
When different grades of veneer 
are on the face and back, the 
trademark is stamped on the 
side of lesser quality. Examples 
of typical APA trademarks are 
shown in Figure 7-13. Descrip- 
tions of trademark elements are 
as follows: 


* Panel grade. For plywood 
or other panels with ve- 
neer faces, panel grades are 
identified by their veneer 


Typical APA Trademarks 
Figure 7-13 ' Mm n am 
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grades. Panel grades for 
other panel materials are 
identified by the suggested 
end-use application, such 
as APA Rated Sheathing. 

Span rating. Span ratings in- 
dicate on-center spacing, in 
inches, of supports, such as 
studs, joists, and roof rafters, 
over which a panel can be 
placed. Some panels, such 
as Sturd-I-Floor panels, are 
used for only one applica- 
tion and contain one span 
rating. Other panels, such 
as APA Rated Sheathing, 
may be used for sheathing 
and subfloors and carry two 


PANEL GRADE 


span ratings. For example, 
span ratings on APA Rated 
Sheathing are shown as 
two numbers separated 
by a slash, such as 48/24. 
The number preceding the 
slash (48) indicates the 
maximum recommended 
spacing between supports 
when the panel is used 
for roof sheathing with 
the long dimension of the 
panel across three or more 
supports. The number 
following the slash (24) 
indicates the maximum 
recommended spacing be- 
tween supports when the 
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Figure 7-13. Performance rated panels are identified by trademarks. Additional trademarks and descriptions are shown in the 
Appendix. 
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panel is used for subfloors 
with the long dimension 
of the panel across three or 
more supports. 

T&G net width. The T&G 
net width (in inches) is in- 
dicated for a T&G panel. The 
T&G net width is omitted if 
the panel has square edges. 
Exposure durability clas- 
sification. The exposure 
durability, or bond, classi- 
fication identifies the appli- 
cations for which the panel 
is recommended. 

* Product standard. Identi- 
fies the voluntary standard 
developed cooperatively 
by the U.S. Department of 
Commerce and the panel 
industry association. The 
examples referred to in the 
figure are PS 1-95, Construc- 
tion and Industrial Plywood 
and PS 2-92, Performance 
Standard for Wood-Based 
Structural-Use Panels. 
Thickness. Actual thickness 
dimension of the panel, in 
inches. 

Mill number. Identifies the 
mill where the panel was 
manufactured. Each mill 
where APA performance 
rated panels are manufac- 
tured is assigned its own 
mill number. 

APA performance rated 
panel standard. Indicates 
that the panel satisfies the 
APA quality auditing pro- 
gram requirements. 

Siding face grade. For APA 
Rated Siding, a siding face 
grade number is applied to 
the panel. In this example, 
“303” is a code for the type of 
siding and “18” indicates the 
maximum allowable repairs 
or patches. An “S” indicates 
the patch is synthetic or a ^W" 
indicates the patch is wood. 
Species group number. 
Identifies the species group 
from which the panel ve- 
neer was manufactured. 
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Plywood sheathing is fastened to the tops of trusses made of 2 x 4s and tubular steel 


webs. 


HUD-UM/FHA-UM recogni- 
tion number. Indicates the 
Use of Materials Bulletin 
number issued by the U.S. 
Department of Housing and 
Urban Development or Fed- 
eral Housing Administration. 
Canadian standard panel 
grade. Panels manufactured 
in Canada include a Cana- 
dian standard panel grade 
number or description. In this 
example, the Canadian panel 
grade designation is Construc- 
tion Sheathing. 

Rating and end-use designa- 
tion. Panels manufactured in 
Canada include a Canadian 
standard rating and end-use 
designation, which indicates 
the allowable span between 
supports. In the APA Rated 
Sheathing example, roof pan- 
els will require edge supports 
such as panel clips or block- 
ing along the unsupported 
edges. The number “48” is the 
maximum distance, in inch- 
es, between rafters (R). The 
number “24” is the maximum 
distance, in inches, between 
floor joists (F). 

Canadian performance rat- 
ed panel standard. Indicates 
that the panel satisfies the 
Canadian Standards Asso- 
ciation (CSA) quality audit- 
ing program requirements. 


* Panel face orientation indi- 
cator. Identifies the strongest 
direction (axis) of the panel. 


Nonstructural Panels 


Nonstructural panels are manu- 
factured from hardwood veneers 
or reconstituted wood products, 
and are used for nonstructural 
applications such as paneling, 
siding, or molding. Nonstruc- 
tural panels are typically cut or 
trimmed, sanded, and finished 
as desired. 

Hardwood plywood panels are 
produced in a manner similar 
to performance rated panels, 
by peeling veneers from peeling 
logs. However, the internal com- 
position of hardwood plywood 
panels is different from that of 
performance rated panels. 

Nonstructural reconstituted 
panels, such as fiberboard, 
hardboard, and particleboard, 
are widely used in the construc- 
tion industry. Logs not suitable 
for dimension lumber and waste 
wood products are ground up 
and combined with a variety of 
resins, additives, and binders to 
produce nonstructural panels. 
The manufacturing process for 
nonstructural panels is similar 
to the process used for OSB. 


Hardwood Plywood. Hardwood 
plywood is composed of hard- 
wood face and back veneers with 


lumber, particleboard, MDF, or 
hardboard cores joined with an 
adhesive. The grain of alternate 
layers is typically at right angles. 
Hardwood plywood is common- 
ly used for interior finish, such 
as wall paneling and cabinet and 
door exteriors. See Figure 7-14. 
Hardwood plywood is consider- 
ably more expensive than con- 
struction-grade plywood. 


American Hardwood Export Council 


Figure 7-14. Hardwood plywood is 
commonly used for interior finish 
applications. 


Hardwood plywood is typical- 
ly selected for its attractive grain 
pattern and receives a natural or 
stained finish. Most hardwood 
plywood is prefinished before 
placement. Common hardwood 
plywood face and veneer spe- 
cies are as follows: 


e lauan 

walnut 

red and white oak 
maple 

cherry 

ash 

mahogany 

birch 

e teak 


Hardwood plywood panels 
are available in various sizes 
including 4’ x 4’, 4’ x 8’, and 
4' x 10’. Panel thicknesses are 
V4", Sg". Vo". and 93". 

Hardwood plywood panels 
are manufactured in accordance 


with the Hardwood Plywood and 
Veneer Association (HPVA) stan- 
dard HP-1-2000, Hardwood and 
Decorative Plywood. Hardwood 
plywood panel grades are based 
on the number of color streaks 
or spots, color variations, min- 
eral streaks, burls, pin knots, and 
small repairs in the panel face 
and back. See Figure 7-15. 


Medium Density Fiberboard. 
Medium density fiberboard 
(MDF) is a nonstructural recon- 
stituted panel product used for 


a variety of exterior and inte- 
rior products including siding, 
molding, furniture, shelving, and 
cabinets. See Figure 7-16. MDF is 
flat, smooth, uniform, dense, and 
free of knots and grain patterns, 
allowing MDF to be machined 
and finished easily. MDF may be 
sealed with a clear finish, paint- 
ed, or wrapped with a plastic 
or paper laminate. Thicknesses 
range from Y6" to 1%”, although 
other thicknesses are available 
upon request. Standard panel 
sizes are 3’ x 8’ and 4’ x 8’. 


HARDWOOD PLYWOOD PANEL GRADES 


x A-1 Smooth face veneer running full panel length. Book-matched veneer edges if 


Mu qmm c 


more than one veneer is used on face. May contain small buris and pin knots 
or small repairs. Sound veneer back, but may not be color matched. 


B-2 Sound face veneer, but may have small burls, pin knots, and repairs. If face 
veneer consists of more than one piece, color and grain matching required. 
Solid back veneer with repaired voids. 


C2 Sound face veneer with more small burls, pin knots, and other growth 
characteristics. Sound repaired back. 


C-3 Sound, repaired face. Back veneer contains more and larger repairs. 


D-3 Economy-grade panel. Natural growth characteristics allowed on face and 


back, but no open areas allowed. 


Figure 7-15. Hardwood plywood panel grades are based on natural growth characteristics, 
including color variations, burls, and pin knots, and the number of repairs in the panel 


face and back. 
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Figure 7-16. Medium density fiberboard is used for a variety of exterior and interior 
applications including siding. Note the spacer block being used to uniformly space the 


courses of siding. 
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MDF utilizes waste wooden 
chips and pieces generated by 
sawmill operations. The chips 
are reduced to fibers, which 
are then ground into smaller 
particles. The smaller particles 
adhere naturally to each other 
and are bonded together with 
water containing synthetic res- 
ins such as glue. The wet mixture 
is placed on a mesh-bottomed 
form to form panels and the ex- 
cess water is squeezed out. The 
panels are dried by rolling, and 
then are cut into sheets, pressed, 
and heat treated. 


Hardboard. Hardboard is a non- 
structural reconstituted panel 
product commonly used for 
paneling, cabinet backs, floor 
underlayment, and exterior sid- 
ing. See Figure 7-17. Hardboard 
does not have a grain pattern 
and has a uniform density, thick- 
ness, and appearance. Hardboard 
panels are manufactured with one 
side smooth (S1S) or both sides 
smooth (S25). Thicknesses range 
from “2” to 14%”, with 14", %” and 
38" thicknesses used most often. 
Hardboard panels are avail- 
able in 4' widths, and standard 
lengths of 8’, 10’, 12’, and 16’. 
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Figure 7-17. Hardboard is a nonstructural 
panel product that has no grain pattern 
and has a uniform density, thickness, and 
appearance. 
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Hardboard is manufactured 
from sawmill residue or logs 
that are ground up in a large 
chopper. The wood chips are 
broken down into fibers that 
are combined with natural and 
synthetic binders and other ad- 
ditives. Hardboard panels are 
formed using a wet or dry pro- 
cess. The wet forming process 
is similar to the forming process 
used for MDF. In the dry forming 
process, relatively dry fibers are 
formed into thick mats using 
air. Regardless of the forming 
process, the fibers in the mats 
are permanently bonded under 
heat and pressure into panels. 

Hardboard panels are avail- 
able in four grades — standard, 
tempered, service, and service- 
tempered. Standard hardboard 
panels have high strength and 
water resistance. Tempered 
hardboard panels are impreg- 
nated with resin, and provide 
greater stiffness, strength, hard- 
ness, and water-resistant prop- 
erties than standard hardboard 
panels. Service hardboard pan- 
els have good strength, but are 
less strong than standard hard- 
board panels. Service-tempered 
hardboard panels are service 
hardboard panels impregnated 
with resin to provide better stiff- 
ness, strength, hardness, and 
water resistance than service 
hardboard panels. 


Particleboard. Particleboard is a 
nonstructural reconstituted pan- 
el product consisting of particles 
of various sizes that are bonded 
together using a synthetic resin or 
binder under heat and pressure. 
Particleboard is commonly used 
for floor underlayment, shelv- 
ing, and furniture, and as a core 
material for composite panels. See 
Figure 7-18. Particleboard panels 
are available in thicknesses rang- 
ing from %” to 134", 4’ widths, 
and standard lengths of 8’, 10’, 
12’, and 16°. 

The production of particle- 
board begins with milling or 


grinding of wood shavings, 
chips, sawdust, or even whole 
logs into uniform small particles. 
The particles are then dried, 
combined with resin and other 
binders, and pressed into large 
panels using heat and pressure. 


Figure 7-18. Particleboard is a nonstruc- 
tural reconstituted panel consisting of 
particles that are bonded together using 
a synthetic resin or binder. A plastic 
laminate is applied to the particleboard 
for certain applications. 


ENGINEERED LUMBER 


Engineered lumber is manufac- 
tured using solid wood mem- 
bers or veneers, wood strands 
and fibers, or a combination of 
solid wood members and wood 
strand members. Engineered 
lumber, such as glued laminated 
(glulam) timbers and finger- 
jointed studs, is manufactured 
using trees from second- and 
third-growth forests. Laminated 
veneer lumber (LVL) is pro- 
duced by combining and bond- 
ing wood veneers together. 

Parallel strand lumber (PSL) 
and oriented strand lumber 
(OSL) consist of long wood strands 
oriented along the length of the 
lumber and bonded together 
using an adhesive. Wood I- 
joists are composed of OSB or 
plywood webs and dimension 
lumber or LVL flanges. 


Glued Laminated Timber 


Glued laminated (glulam)timber 
is an engineered lumber product 
composed of wood laminations 
(lams) that are bonded together 
with adhesives. The grain ofthe 
lams runs parallel to the length 
of the glulam member. Lams are 
1%” thick for southern pine spe- 
cies and 1%” for western wood 
species. Lams up to 2" thick may 
also be used to form glulam 
timbers. Glulam products are 
available in standard widths in- 
cluding 3%”, 3⁄2”, 5V&", 54%”, and 
624", although almost any width 
can be custom produced. 
Glulam dates back to the early 
1900s when the first patents for 
glulam were obtained in Swit- 
zerland and Germany. One of 
the first glulam structures in the 
United States was built for the 
USDA Forest Products Laboratory 
in 1934. Since that time, glulam 
manufacture has evolved, making 
glulam one of the most widely 
used engineered lumber products 
in the construction industry. In the 
past, glulam was mainly associ- 
ated with heavy timber construc- 
tion such as industrial roofing 
systems, bridges, and marine 
piers. Glulam timbers are used in 
residential construction as well 
as in commercial and industrial 
construction. See Figure 7-19. 


Glulam Manufacture. Douglas 
fir, larch, and southern yellow 
pine are most commonly used 
to produce glulam timber. In 
addition, Alaska cedar, redwood, 
ponderosa pine, spruce, and 
western red cedar may be used 
for framing and industrial-grade 
glulam timber. Hardwood spe- 
cies such as oak, maple, and 
poplar are used for glulam when 
appearance is important. 

A special grade of lumber is 
used for glulam manufacture. 
The lumber is dried to a mois- 
ture content not exceeding 15% 
and is planed to close tolerances 
similar to dimension lumber. 


The lumber is graded or machine 
tested to determine its strength. 
The lumber is end-jointed and 
arranged into laminations with 
the ends of the lumber staggered 
so joints from adjacent lams are 
not aligned. The strongest lams 
are placed on the top and bot- 
tom of the beams where most 
of the tension and compression 
stresses occur. The lams are 
clamped and bonded together 
with a waterproof adhesive. 
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Figure 7-19. Glulam timbers are commonly 
used for beams in commercial and residen- 
tial construction. 


Glulam timbers are typically 
manufactured in lengths up to 20’. 
Longer glulam timbers are pro- 
duced by finger-jointing the ends 
of the lams and gluing them to- 
gether. Continuous straight beams 
spanning as much as 140' have 
been installed on heavy timber 
projects. Glulams can be curved or 
arched. See Figure 7-20. 


Glulam Appearance Classifica- 
tions. All glulam appearance 
classifications have similar 
structural characteristics, but 
differ in their appearance. Ap- 
pearance classifications allow 
natural growth characteristics, 
including limited open voids 
that can be repaired with inserts 
or wood fillers. Descriptions of 
glulam appearance classifica- 
tions are as follows: 


* Framing. Used only when 
glulam members are con- 
cealed. The widths of beams 
with a framing appearance 
classification are designed 
to fit flush with 2 x 4 and 
2x6 wall framing members. 
Industrial. Used for concealed 
applications, such as ware- 
houses and garages, where 
appearance is not important. 

Architectural. Available in 

stock sizes where the glulam 

member is exposed to view 
and must have a smooth and 
attractive finish. 

* Premium. Available only as 
a custom order, but has the 
same appearance qualities 
as Architectural. 


Laminated Veneer Lumber 


Laminated veneer lumber (LVL) 
is an engineered lumber product 
composed of layered veneers and 
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Figure 7-20. Glulam timbers can be formed to produce curves or arches. 
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waterproof adhesive. LVL is com- 
monly used for beams, headers, 
hip and valley rafters, and flanges 
for wood I-joists. See Figure 7-21. 
LVL is available in thicknesses 
ranging from 34" to 212”, with 
174" thickness commonly used 
to produce built-up beams. LVL 
is available in lengths up to 80’, 
but is most commonly cut into 
lengths of 48' and shorter. 


APA—The Engineered Wood Association 
Figure 7-21. Laminated veneer lumber 
(LVL) is composed of layered veneers and 
waterproof adhesive and is commonly 
used for beams. Note the wood I-joists 
attached to the LVL beam. 


Materials commonly used for 
LVL are southern yellow pine, 
Douglas fir, larch, and poplar, 
which are cut into veneers rang- 
ing in thickness from 140” to 34e". 
The veneers are dried, graded, 
and layered to form billets (blocks 
of material), with the grain of the 
veneers running lengthwise along 
the billet. The veneers are bonded 
together with waterproof adhe- 
sives and cured in a heated press. 
The cured billets are then cut to 
standard dimensions comparable 
to dimension lumber. 


Parallel Strand Lumber 


Parallel strand lumber (PSL) is an 
engineered lumber product manu- 
factured from strands or elongated 
flakes of wood that are blended 
with a waterproof adhesive and 
cured under pressure. PSL is 
compatible with common wood- 
framing materials and is available 
in standard dimensions. PSL is 
used for beams and headers, and 
is frequently used for load-bearing 
columns. See Figure 7-22. PSL 
beams are available in 194", 23346", 
317", 54", and 7” thicknesses. 
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PSL and LVL design val- 
ues conform to ASTM D5456- 
01ae1, Standard Specification 
for Evaluation of Structural 
Composite Lumber Products. 
PSL structural properties are 
comparable to, or exceed, simi- 
lar properties of high-quality 
dimension lumber. 


Trus Joist, A Weyerhaeuser Business 


Figure 7-22. Parallel strand lumber (PSL) is 
used for beams, headers, and load-bearing 
columns. PSL is used forthe main beam and 
supporting column in this application. 


Oriented Strand Lumber 


Similar to parallel strand lum- 
ber, oriented strand lumber 
(OSL) is made from flaked wood 
strands that have a high length- 
to-thickness ratio. The wood 
strands are combined with a 
waterproof adhesive and ori- 
ented and formed into a large 
mat or billet. The mat or billet 
is pressed and cured in a heated 
press. OSL is used in a variety of 
applications ranging from studs 
to millwork components. 


Wood I-Joists 


Wood I-joists, or I-beams, are 
load-bearing structural mem- 
bers consisting of a web placed 
between top and bottom flanges. 
Websare OSB or plywood panels 
cut to size. Flanges are dimension 
lumber or LVL. Wood I-joists are 
used for floor and ceiling joists 
and rafters in both residential 
and commercial construction. 
See Figure 7-23. 


One of the biggest advantages 
of wood I-joists over dimension 
lumber products is its high 
strength-to-weight ratio. Wood 
I-joists are lighter and easier 
to handle than solid lumber 
joists required for the same 
spans and subjected to similar 
loads. The flanges of wood I- 
joists provide a wide surface 
for attachment of sheathing 
and gypsum board. 

Wood I-joists may have knock- 
out holes in their webs to allow 
mechanical services, such as 
electrical wiring, to be easily 
installed. The knockout holes 
also provide ventilation when 
wood I-joists are used in ca- 
thedral ceilings. When knock- 
out holes are not in the webs, 
holes can be drilled through the 
webs, but they must be located 
according to manufacturer rec- 
ommendations. 

Common wood I-joist depths 
range from 9!" to 20”, and 
depths up to 30" can be custom 
ordered. Wood I-joists are avail- 
able in lengths up to 66’. For 
long wood I-joists, the flanges 
are finger-jointed. Flanges are 
typically 177" thick with widths 
varying from 194" to 31", Web 
thicknesses range from 34" to 
2”. The upper and lower edges 
of the webs are butt jointed, 
toothed, tongue and grooved, 
or scarfed for fastening to the 
flanges. 


APA-—The Engineered Wood Association 
Figure 7-23. Wood I-joists are composed 
of oriented strand board or plywood webs 
with dimension lumber or laminated 
veneer lumber flanges. 


OSB Rim Boards 


OSB rim boards are an engi- 
neered wood product used 
primarily with wood I-joists in 
floor construction where the 
ends of the I-joists are fastened 
to the face of the rim boards. Rim 
boards fill the space between a 
sill plate and bottom plate of a 
wall, or in two-story construction 
fill the space between the top plate 
and bottom plate of two wall sec- 
tions. See Figure 7-24. In addition, 
rim boards tie together the floor 
joists. Rim boards serve the same 
purpose as header joists in tradi- 
tional solid lumber construction. 

Common rim board thickness- 
es are 1" and 1%”, with depths of 
9V7". 1174". 14", and 16” to match 
the depths of wood I-joists and 
other engineered wood framing 
products. Rim boards are avail- 
able in lengths up to 24', depend- 
ing on the material used. 
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Figure 7-24. Rim boards tie together wood I- 
joists and fill the space between the top plate 
and bottom plate of two wall sections. 


Finger-Jointed Lumber 
Finger-jointed lumber is an engi- 
neered lumber product composed 
of short pieces of dimension lum- 
ber joined end-to-end. The ends 
of the short pieces are machined 
with a fingerlike profile and 
glued together. See Figure 7-25. 
Longer lengths of finger-jointed 
lumber can be produced that 
have strength equal to con- 
ventional dimension lumber. 
Structural applications of finger- 
jointed lumber include studs, 
plates, joists, and rafters. 


Southern Forest Products Associotion 
Figure 7-25. The ends of short pieces of 
lumber are milled to produce fingers. The 
short pieces are then attached to each other 
to form finger-jointed lumber, which is used 
for structural applications such as studs, 
plates, joists, and rafters. 


Douglas fir, larch, hemlock, 
spruce, and pine are commonly 
used for finger-jointed lumber. 
Finger-jointed lumber used for 
structural purposes is manufac- 
tured from lumber seasoned to 
less than 1996 moisture content 
and is stamped “S-DRY” or "KD." 
The following grades of finger- 
jointed lumber have been established 
by The National Grading Rule for 
Dimension Lumber (NGR): 


e Stud 
e Select Structural 


e No. 1 
* No. 2 & Better 
e Standard and Better 


Stud and No. 2 & Better are 
most often used for construction 
applications. 

Finger-jointed lumber grades 
are further divided into two end- 
use applications. Finger-jointed 
lumber containing “CERT. EXT. 
JNTS." in the trademark is ac- 
ceptable for use in all structural 
applications, and is manufactured 
with a waterproof, exterior-type 
adhesive. Finger-jointed lumber 
containing "VERTICAL USE 
ONLY or “STUD USE ONLY” 
in the trademark is only used 
for vertical structural applications 
such as studs. See Figure 7-26. 

Finger-jointed lumber dimen- 
sions range from 2 x 2 to 2 x 12 
in standard dimension lumber 
sizes. Finger-jointed lumber with 
2 x 4, 2 x 8, and 2 x 10 nominal 
dimensions is available in com- 
mon standard lengths. Lengths of 
32' or more are also available. 
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Figure 7-26. Finger-jointed lumber is divided into two end-use applications. Finger- 
jointed lumber acceptable for all structural applications is stamped with “CERT. EXT. 
JNTS." while finger-jointed lumber acceptable only for vertical applications is stamped 
with "VERTICAL USE ONLY" or "STUD USE ONLY." 
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Fastening 


Ed 


tening devices are 
used for construction 
purposes, including nails, sta- 
ples, screws, and bolts. Nails 
are the primary type of wood 
fasteners. Staples are frequently 
used for lighter applications. 
Screws have gained greater ac- 
ceptance in construction and 
are specified for certain appli- 
cations. Bolts may be used for 
applications where the ability to 
remove the fasteners is required. 
A variety of anchoring devices 
are also used to fasten materials 
to concrete, masonry, and steel. 
Adhesives (glues and mastics) 
are used in combination with 
nails, staples, and screws for 
applications where additional 
holding power is required. 


The proper tools must be 
used to prevent injuries and to 
avoid damaging fasteners dur- 
ing installation or removal. In 
addition, appropriate personal 
protective equipment (PPE), 
such as safety glasses or goggles, 
must be worn to prevent or 
minimize injuries. 


NAILS 


Nails are available in many 
shapes and sizes, with a variety 
of heads, shanks, and points. 


56 


any types of metal fas- - 


(^ ) Systems 


See Figure 8-1. Some nails, typi- 
cally those with special finishes 
or deformed shanks (barbs, 
spirals, rings), have greater 
holding power than other nails. 
Aluminum, stainless steel, and 
galvanized steel nails are used 
to fasten finish materials to a 
building exterior since they are 
corrosion-resistant and will not 
cause rust streaks on the surface 
of wood materials. 

Special fasteners may be 
required when installing 
engineered wood products. 
Ring- or screw-shank nails are 
recommended when install- 
ing Sturd-I-Floor. Common 


Powder-actuated fasteners are common 


slabs. 


cement-coated or ring-shank 
nails are used when installing 
subfloors. Common smooth-, 
ring-, or screw-shank nails or 
galvanized box nails are used 
when installing wall sheath- 
ing. Common smooth-, ring-, 
or screw-shank nails are recom- 
mended when installing roof 
sheathing, while hot-dipped 
galvanized box, siding, or cas- 
ing nails are used to install 
Rated Siding directly to studs or 
over nonstructural sheathing. 
This unit covers the types of 
nails used most often for rough 
and finish carpentry work. 
Specialty nails are discussed as 
appropriate in later units. 
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NAIL POINTS 


Figure 8-1. Nails are available with a variety of heads and points. Flat-head, diamond-point nails are most often used by carpenters. 


Penny System of Nail Size 


A number and the letter d, which 
represents “penny,” are common- 
ly used to designate nail sizes. 
Typical sizes are 6d, 8d, and 16d. 
A 6d nail is 2” long, an 8d nail is 
214” long, and a 16d nail is 32" 
long. See Figure 8-2. The letter d 
stands for denarius, an ancient 
Roman word for coin (or penny). 
The penny system originated 
hundreds of years ago in England 
where nails were priced by the 
cost (in pennies) per hundred 
nails. Smaller nail sizes cost less 
per hundred than larger sizes. 
The gauge, or diameter, of a nail 
depends on the type and length 
of the nail. The gauge of a nail 
increases as the length increases. 


20d | 12d | 8d | 6d | 4d | 2d 
SIZE 16d 10d 7d 5d 3d 


Figure 8-2. Nail sizes are designated by a 
number and the letter d. 


Nail sizes may also be desig- 
nated as the gauge of the nail 
and the length. For example, a 
0.131 x 14%” nail may be speci- 
fied to fasten metal connectors 
to framing members. 


Nails for Rough Work 


Common nails are used most 
often in wood-frame construc- 
tion. See Figure 8-3. A common 
nail is cut from wire and given a 
head and a point. Common nails 
are available in sizes from 2d (1" 
long) to 60d (6" long). 


DUPLEX 


Figure 8-3. Common nails are used most 
often for rough work. 
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Box nails are similar in appear- 
ance to common nails, but their 
heads and shanks are thinner, 
making them less likely to split 
framing members. Box nails 
are often used to fasten exterior 
insulation board and siding and 
are available in sizes from 2d (1^ 
long) to 40d (5" long). A disad- 
vantage of box nails is that they 
bend more easily than common 
nails when driven. 

Duplex nails, also known as 
double-headed or staging nails, are 
used for temporary construction 
such as formwork or scaffolding. 
The double head on a duplex nail 
makes it easy to pull out when dis- 
mantling forms or scaffolding. 

Masonry nails are made with a 
special hardened steel. See Fig- 
ure 8-4. A masonry nail is used 
to fasten wood to masonry (solid 
concrete, concrete block, brick, 
or stone). Masonry nails must be 
driven in perfectly perpendicular 
or they may chip the masonry. 


= 


MASONRY NAILS 


Figure 8-4. Masonry nails can be driven 
into concrete or masonry. 


Nails for Finish Work 


Nails used for finish work are 
thinner than common nails, mak- 
ing them easier to drive and less 
likely to split wood. See Figure 
8-5. Finish work nails are used 
for applications, such as trim and 
moldings, where a nice final ap- 
pearance is important. Finish nails 
have small, tulip-shaped heads, 
which are easily driven below the 
wood surface with a nail set. Fin- 
ish nails are available in sizes from 
2d (1" long) to 20d (4” long). 

A casing nail is a thick version 
of a finish nail. The head of a cas- 
ing nail is slightly larger than the 
head ofa finish nail and is tapered 
toward the bottom. Casing nails 
are used to fasten heavier pieces 
of trim material. 
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Figure 8-5. Nails used for finish work are 
thinner than nails used for rough work. 


Wire brads are identified by 
their length in inches and gauge 
(diameter) rather than by the pen- 
ny system. Wire brad sizes range 
from 36” to 3" long and from #14 to 
#20 gauge. Wire brads are thinner 
than finish or casing nails and are 
used with light trim materials. 


Holding Power of Nails 


When a nail is driven into wood, 
the shank compresses and pushes 
aside the wood fibers. When the 
nail is in place, the wood fibers 
spring back toward their original 
position. The pressure of the 
wood fibers against the surface of 
the nail gives the nail its holding 
power. See Figure 8-6. 
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Figure 8-6. Wood fibers apply pressure 
against the shank of a nail to give a nail 
its holding power. 


Smooth-shank nails have suf- 
ficient holding power for most 
construction applications. De- 
formed-shank nails are recom- 
mended when greater holding 
power is required. See Figure 8-7. 

Spiral-shank and ring-shank 
nails are two commonly used de- 
formed-shank nails. Spiral-shank 
nails have a spiral thread that 
causes them to rotate as they are 


driven into the wood (similar to 
driving a screw). Spiral-shank 
nails are specifically designed 
for use with hardwoods and are 
commonly used for siding, floor- 
ing, and roof trusses. Ring-shank 
nails have a series of small rings 
along the shank, which help to 
resist removal from the wood. 
Ring-shank nails are commonly 
used for plywood, underlay- 
ment, and roofing applications. 
The holding power of nails is 
also increased with cement-, 
resin-, or zinc-coated nails. 
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Figure 8-7. Nail shanks are smooth or 
deformed. Deformed-shank nails provide 
greater holding power than smooth-shank 
nails. 


STAPLES 


Staples are available in a variety of 
shapes and sizes. See Figure 8-8. 
Staples may be used to fasten 
subflooring, sheathing, and pan- 
eling. Heavy-duty staples are 
driven in by electric or pneumatic 
tools. Smaller staples may be driv- 
en in by hand-operated tools. 


SCREWS 


For most applications, screws 
provide greater holding power 
than nails. In general, carpenters 
use wood screws, sheet-metal 


Screws, and machine screws for 
fastening hardware to wood or 
metal members, attaching cabi- 
nets to walls, and fastening trim 
to metal surfaces. Specialty screws 
are discussed in later units. 
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Figure 8-8. Heavy-duty staples may be 
used to fasten plywood sheathing and 
subflooring. Light-duty and medium-duty 
staples are used for attaching molding and 
other interior trim. 


| Figure 8-9 


ROUND OVAL 


HEADS 


FLAT 


Screw Heads and Slots -. 


Most screws are made of soft 
steel. Brass, bronze, and copper 
screws are also available. For 
decorative purposes and for 
matching different hardware 
finishes, steel screws are avail- 
able in many finishes, including 
nickel, chromium, silver plate, 
and gold plate. 


Wood Screws 


Wood screws have flat, round, 
or oval heads. Screw heads have 
a single slot, a recessed cross 
slot (Phillips), or a square (Rob- 
ertson) recess. See Figure 8-9. 
Phillips and square screw heads 
provide better grip than single- 
slot screw heads when driven 
by an electric screwdriver. They 
are also more attractive when 
in place. 

Wood screws range in size 
from 1⁄4” to 5" long. The di- 
ameter of the screw shank is 
identified by a gauge number. A 
higher gauge number indicates 
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Figure 8-9. The three basic screw heads are flat, round, and oval. Screw heads have a 


single slot or a recessed cross slot. 
Wood Screw Sizes 


| Figure 8-10 
10 


Figure 8-10. A higher gauge number for screws indicates a thicker screw shank. 


a thicker screw. Figure 8-10 
shows screws with gauges rang- 
ing from #1 to #14. 

When using wood screws to 
fasten wood pieces together, a 
shank hole should be drilled 
in the piece being fastened. An 
undersized pilot hole for the 
threads going into the receiv- 
ing piece will make driving the 
screw easier and prevent split- 
ting. See Figure 8-11. Flat-head 
screws may be countersunk or 
counter-bored. Countersinking 
places the top ofthe screw head 
flush with the wood surface. 
Counterboring is used when the 
screw head is to be concealed 
with a wood plug. 


Self-Tapping Screws 


Self-tapping screws are used to 
fasten metal framing members 
to each other and to fasten other 
materials to metal framing 
members. Self-tapping screws 
tap their own threads as they 
are being driven into the metal 
members. Self-tapping screws 
are available as self-drilling 
and self-piercing screws. See 
Figure 8-12. 

Self-drilling screws are the 
most frequently used metal-to- 
metal fasteners. The points of 
self-drilling screws drill through 
the metal layers before the screw 
threads engage. The drill point of 
the screw must be sharp and long 
enough to penetrate the steel 
being fastened together. Coarse 
screw threads are commonly 
used for light-gauge steel-fram- 
ing operations. Finer threads 
may be used when tapping into 
thicker steel material. 

Self-piercing screws have a 
sharp point capable of penetrat- 
ing and tapping thin metal. 
Screw diameters are identi- 
fied by gauge numbers, which 
range from #6 to #14. The most 
frequently used self-piercing 
screw diameters are #6, 48, and 
#10, which are 0.138”, 0.164”, 
and 0.190”, respectively. 
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Figure 8-11 
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Concrete Screws 


Concrete screws are used to fasten 
items, such as plates, furring strips, 
and electrical boxes, to concrete, 
brick, or block. Concrete screws 
are cold-formed fasteners with 
twin-lead threads and a nail-point 
tip. Concrete screws are available 
in %6”, V4", and 94e" diameters, and 
lengths ranging from 1/4" to 4". 
Concrete screws are available with 
Phillips, square (Robertson), and 
hex heads. Phillips-head concrete 
anchors are used when appearance 
isimportantor when the head must 
be flush with the surface. Hex-head 
Screws are typically used since the 
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Shank and Pilot Hole Sizes _ 
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Figure 8-11. Shank and pilot holes should be drilled when using wood screws to fasten 


head will engage better with the 
driver, making them easier to drive. 
Concrete screws provide excellent 
corrosion resistance in dry environ- 
ments and can be removed without 
damaging the base material. 
When installing concrete screws, 
first determine the proper length 
of screw to be installed. See Fig- 
ure 8-13. Add the thickness of 
the material to be fastened to the 
minimum depth of embedment 
and select a screw of that length 
or longer. Concrete screws must 
be embedded a minimum of 1". 
Maximum strength is achieved 
when the screw is embedded 


Self-Tappin 
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Figure 8-12. Self-tapping screws are used 
to fasten metal framing members to each 
other by tapping their own threads in the 
metal members. 


approximately 134". Drill a hole 
for the screw; ?4e" screws require 
a %2” diameter bit, V4" screws 
require a %6” diameter bit, and 
6” screws require a "diameter 
bit. The hole should be drilled 
V4" deeper than the length of 
the screw embedment. Hammer 
drills are commonly used to drill 
into masonry. Remove excess grit 
from the hole. 

Drive the screw into the pre- 
drilled hole until the screw is 
fully seated. Use a slow to mod- 
erate drill speed and apply firm 
and even pressure when driving 
the screw. 


Machine Screws 


Machine screws are available 
with a variety of head shapes. 
See Figure 8-14. Machine screws 
screw into threaded holes in 
metal and have greater holding 
power than other types of screws 
that fasten to metal. Machine 
Screws are commonly used for 
fastening door hinges, push 
plates, locks, and door closers to 
metal jambs and doors. 


Installing Concrete Screws 
Figure 8-13 


© Drill hole. 
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until firmly seated. 


Figure 8-13. Concrete screws are used to fasten items to concrete, brick, or block without 


the use of additional anchors. 
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Figure 8-14. Machine screws have greater 
holding power than other types of screws 
that fasten to metal. 


The size of a machine screw 
or machine bolt is expressed as 
the length, diameter (in inches), 
and number of threads per inch 
if the screw or bolt is 4” diam- 
eter or larger. For example, a 2” x 
14— 20 designates a screw or bolt 
that is 2" long, 4” in diameter, 
and has 20 threads per inch. 
For smaller machine screws or 
bolts, a gauge number is used to 
specify the diameter. 


Construction-Grade Screws 


Construction-grade screws, driv- 
en by power screwdrivers or 
automatic screwguns, are used 
for many framing operations. 
Construction-grade screws are 
commonly used to fasten sub- 
floor, roof sheathing, and wall 
sheathing to framing members. 


Construction-grade screws are self- 
driving and do not require a pilot 
hole. Care should be taken not to 
overtorque screws when driving 
them into panels with power 
tools. When the head is flush 
with the panel surface, the driv- 
ing bit should be released from the 
head. Special construction-grade 
screws, which are self-drilling 
and self-tapping, are used in 
metal-frame construction and for 
attaching gypsum board to wood 
or metal framing members. 

Construction-grade screws dif- 
fer from conventional screws in 
several ways. Construction-grade 
panel screws have coarser and 
more steeply pitched threads, 
allowing them to be driven 
through harder materials such 
as particleboard and other recon- 
stituted wood panels. See Figure 
8-15. The high glue content of 
reconstituted panels makes them 
harder to penetrate with screws 
or nails. 

Construction-grade panel 
screws are typically manufac- 
tured of corrosion-resistant ma- 
terials, such as stainless steel, 
or have a corrosion-resistant 
finish, such as gray phosphate or 
zinc. Panel screws are typically 


#8 gauge and are available with 
Phillips or square drive recesses. 
Panel screws are commonly 
driven with a coil or strip-type 
screwgun. See Figure 8-16. 
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Figure 8- 15 
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Figure 8-15. Panel screws have coarse, 
steeply pitched threads in comparison to 
a standard wood screw. 
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Figure 8-16. Construction-grade panel 
screws are driven with coil or strip-type 
screwguns. An extension handle may be 
added to screwguns to allow carpenters to 
install screws from an upright position. 
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BOLTS 


Bolts are used to fasten to- 
gether heavy wood and metal 
materials. See Figure 8-17. 
Most types of bolts require 
nuts. Whenever a nut bears 
against wood, a washer should 
be used to distribute pressure 
over a wider area and prevent 
the nut from digging into the 
wood. With the exception of 
carriage bolts and flat-head 
stove bolts, a washer should 
also be installed under the 
bolt head. 

Carriage bolts are used in 
wood or metal. The square 
shank below the rounded head 
of a carriage bolt is embedded 
in the material as the nut is 
drawn up to prevent the bolt 
from turning as the nut is tight- 
ened. See Figure 8-18. 

Machine bolts have square 
or hexagonal heads. They are 
used to fasten together wood or 
metal pieces. 

Lag bolts are not true bolts; 
they are actually heavy screws 
with square or hexagonal heads. 
See Figure 8-19. Lag bolts are 
used to fasten heavy mate- 
rial to wood when a regular 
bolt-and-nut arrangement is 
impractical or inconvenient. 
Shank and pilot holes are drilled 
for the lag bolt, which is then 
screwed in with a wrench. 
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Figure 8-18. The shank below a carriage 
bolt head is embedded in the wood. 


Figure 8-19. Lag bolts are often used when 
it is inconvenient or impossible to use 
a nut-and-bolt arrangement. A washer 
should be used under the head. 


Stove bolts are used for light- 
er work. Stove bolts have a 
smaller size range than other 
types of bolts and are available 
in lengths from 9$" to 6" and 
in diameters from Vs" to 94", 


ROUND-HEAD 
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Figure 8-17. Bolts are used to fasten together heavy wood and metal materials. 
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Unlike other bolts, stove bolts 
have slotted flat or round heads. 
Stove bolts have threads the 
entire length of the shaft. 


HOLLOW-WALL FASTENERS 


Anchoring devices, such as 
toggle bolts and screw anchors, 
are used to fasten light materi- 
als to hollow walls. Examples of 
hollow walls are wood or metal 
partitions covered by gypsum 
board and hollow-block ma- 
sonry walls. 


Toggle Bolts 


A toggle bolt consists of a stove 
bolt with a winged nut that folds 
back as the assembly is pushed 
through a predrilled hole in the 
wall. The wings spring back to 
their original position inside 
the wall cavity. As the machine 
screw is tightened, the wings are 
drawn against the inner surface 
of the finish wall material. See 
Figure 8-20. Toggle bolts are 
available with a variety of ma- 
chine screw combinations and 
range in size from Y$" to %” in 
diameter and 2" to 6" in length. 


Screw Anchors 


A screw anchor is used to fas- 
ten small cabinets, towel bars, 
drapery hangers, mirrors, elec- 
trical fixtures, and other light- 
weight items to hollow walls. 
A screw anchor is inserted into 
a predrilled hole in the wall so 
the prongs on the outside of the 
shield contact the wall surface. 
The prongs grip the wall surface 
to prevent the shield from turn- 
ing. As the screw is tightened, 
the shield spreads and flattens 
against the inner surface of the 
wall. See Figure 8-21. Screw 
anchors are sized for the thick- 
ness of hollow walls from 1%” to 
194" thick. 


Wallboard Anchor 


A wallboard anchor is designed 
for use in gypsum board and does 
not require predrilling prior to 
installation. Deep-cutting threads 
i on the anchor allow it to be driv- 
oe en with a Phillips screwdriver or 
LR cordless screwdriver with a Phil- 
lips bit and resist stripping from 
the gypsum board. Wallboard 
anchors are used to support light 
loads such as pictures, curtain 
rods, and bathroom fixtures. 
Wallboard anchors are available 
in plastic, nylon, or zinc. 

A wallboard anchor is in- 
stalled by placing the point of 
the anchor against the wall and 
driving the anchor until it is 
firmly seated. See Figure 8-22. 
The fixture is installed over the 
anchor and a screw is driven 
into the anchor to tighten the 
fixture into place. A 1” mini- 
mum engagement is required 
between the anchor and screw. 


Installing Toggle Bolts — 
Figure . 8-20 ee a ee 
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Place piece where it will be fastened to 
wall. Using nail or scratch awl, mark hole 
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Drill hole through wall just 
large enough for wings to 
pass through. Insert toggle 
bolt through wooden strip 
and screw on the wings. 


Tighten toggle bolt 
until the wings are 
snug against inside 
of wall material. 


Figure 8-20. A toggle bolt consists of a machine screw with a winged nut that folds back 
as the assembly is pushed through a predrilled hole in the wall. 


Installing Screw Anchors 
Figure 8-21 — NN 
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Figure 8-21. When installing a screw anchor in a hollow wall, the shield spreads and flattens against the interior of the wall as the 
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expands and flattens tightly anchor. to be mounted on wall, 
against inside of wall material. reinsert screw and fasten 
material to wall. 


screw is tightened. 
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Figure 8-22 
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Installing Wallboard Anchors - 
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while pressing against 
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secured. 
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Figure 8-22. A wallboard anchor does not require predrilling prior to installation. 


SOLID CONCRETE OR 
SOLID MASONRY WALL 
ANCHORS 


Expansion anchors allow heavy 
materials and equipment to be se- 
curely and quickly fastened to solid 
concrete (or other solid masonry) 
walls, floors, and ceilings. Expan- 
sion anchors range from light-duty 
lead, plastic, and fiber plugs to 
heavy-duty expansion shields. 
Most expansion anchors require 
that a hole equal to the outside 
diameter of the plug or shield be 
drilled in the concrete. The hole 
should be slightly deeper than the 
length of the plug or shield. Holes 
in concrete can be drilled with a 
standard electric drill or rotary 
hammer. See Figure 8-23. 


iffe Electric Tool Corp. 
Figure 8-23. A rotary hammer may be used 
to drill holes in concrete. 
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Electric drills use carbide- 
tipped masonry bits or core bits. 
Masonry bits are available in %” 
to 177" diameters and 2%” to 18" 
lengths. Core bits are available in 
78" to 6" diameters and 6" to 18” 
lengths. See Figure 8-24. Certain 
core bits cut through reinforcing 
bar and concrete. Smaller core 
bits have ports (holes) on the side 
to allow masonry debris to escape 
from the interior and be carried 
to the surface. Standard-, SDS-, 
or spline-drive masonry bits are 
used in rotary hammers. 

After a hole has been drilled 
for an expansion anchor, the hole 
is cleaned out and the anchor is 
placed inside the hole. As the 
screw or bolt is driven into the 
anchor, it expands and presses 
against the concrete. The pres- 
sure holds the anchor in place. 


Light-Duty Anchors 


Light-duty anchors are typically 
used to secure light items such 
as electric fixtures, towel brack- 
ets, hooks, and other household 
accessories to solid masonry 
walls. Light-duty anchors are 
often made of plastic or lead. 
The plastic anchors in Figure 
8-25 are used with wood or 
sheet-metal screws. A molded 


anchor has a tapered cavity, and 
can be used in masonry and gyp- 
sum board. The tubular anchor 
has longitudinal slots that aid 
expansion and prevent turning 
or twisting of the anchor in the 
predrilled hole in the wall. 
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Figure 8-24 
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Figure 8-24. A variety of masonry and 
core bits are used with electric drills or 
rotary hammers. 
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Figure 8-25. Light-duty plastic anchors are 
used with wood or sheet-metal screws. 


The lead-alloy anchor in Fig- 
ure 8-26 can be used with lag, 
wood, or sheet-metal screws. 
The longitudinal ribs at the tip 
of the anchor grip the sides of 
the predrilled hole as a screw is 
driven into the anchor. 


Figure 8-26. Light-duty lead-alloy anchors 
are used with lag, wood, or sheet-metal 
screws. 


Hammer-Driven Anchors. A 
hammer-driven anchor does not 
receive a screw or bolt; a spe- 
cial nail called an expander pin 
expands the anchor as it is ham- 
mered in. Figure 8-27 shows a 
steel hammer-driven anchor. The 
anchor expands as the expander 
pin is driven in. 

To install a hammer-driven an- 
chor, first drill a hole equal to the 
outside diameter of the anchor 
using the object to be fastened asa 
template for placement of the hole. 
Place the anchor, lead band first, 
through the object being fastened 
and into the hole in the masonry. 
The anchor flange should rest 
flush against the surface of the 
object being fastened. Place the 
expander pin into the anchor and 
drive it in. 


DOWN WITH 
HAMMER 


Figure 8-27. The anchor of a hammer- 
driven anchor expands as the expander 
pin is driven in. 


Figure 8-28 shows a plastic 
hammer-driven anchor. Installa- 
tion of a plastic hammer-driven 
anchor is similar to a steel ham- 
mer-driven anchor. The steel ex- 
pander pin is threaded and has 
a screwdriver slot in the head 
to allow the pin to be removed 
with a screwdriver. 


\ 
EXPANDER PIN 
Fastenal Campany 
Figure 8-28. The slotted head of a 
hammer-driven nylon anchor allows 
the expander pin to be removed with a 
screwdriver. 


ANCHOR 


Expansion Shields 


A variety of expansion shields are 
available for medium to heavy 
loads. Expansion shields are 
used with lag or machine bolts. 
The shield expands as the bolt is 
tightened and grips the inside 
surface of a predrilled hole. See 
Figure 8-29. This medium-duty 
anchor is made of zinc alloy and is 
available in sizes accommodating 
lag screws of 1⁄4” to 24" diameter. 
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Figure 8-29. When installing a lag bolt 
expansion shield, the shíeld expands as 
the bolt is tightened. 


To install an expansion shield, 
first drill a hole equal to the out- 
side diameter of the shield. The 
hole should be as deep as the 
expansion shield is long, plus 
an additional %” or more. Place 
the expansion shield, ribbed 
end first, into the hole. A por- 
tion of the shield will protrude 
above the surface; therefore, 
hammer the shield into the hole 
until it is flush with the surface. 
Position the object being fastened 
and begin to screw in the lag bolt. 
If the lag bolt binds before the 
head of the bolt is against the ob- 
ject being fastened, drive the bolt 
by hammering against the head 
until itis flush with the object and 
finish tightening the lag bolt. 

Figure 8-30 shows two ma- 
chine bolt expansion shields. 
These shields require holes 
equal to their outside diameters 
and deep enough so that the 
shields will be flush or slightly 
below the concrete surface. The 
shields expand as the bolts are 
tightened. This type of fastener 
can be removed if desired, and 
the hole grouted to refinish the 
concrete surface. 


HEAVY-DUTY 


Fastenal Company 
Figure 8-30. A heavy-duty machine bolt 
expansion shíeld expands at both ends to 
distribute the anchor load. 


Medium-duty machine bolt an- 
chors are available in short lengths 
of 14” to 2%” and in long lengths 
of 1⁄4” to 317". Short lengths are 
used for anchors in good grades 
of concrete when the thickness 


Unit 8 Fastening Systems 65 


of the concrete layer limits the 
depth of the hole. Short-length 
anchors are available in sizes ac- 
commodating bolts of 94e" to 56" 
diameter. Long lengths are used 
for anchoring in poorer grades of 
concrete (where extra anchoring 
strength is required) when the 
layer of concrete allows a deep 
enough hole for the longer bolt. 
Long-length anchors are available 
in sizes accommodating bolts of 
Va’ to 4" diameter. 

Figure 8-31 shows a steel anchor 
with an expansion plug and a 
setting tool. The steel anchor and 
expansion plug are placed in a 
predrilled hole. The setting tool is 
used to drive the anchor onto the 
plug and expand the anchor. Steel 
anchors with expansion plugs are 
available in sizes accommodating 
bolts of 14" to 34" diameter. 

To install an anchor with an 
expansion plug, first drill a hole 
equal to the outside diameter 
of the anchor. Preassemble and 
place the plug and anchor into 
the hole. With the setting tool 


Figure 8- 32 
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Figure 8-31. The expansion plug expands 
the steel anchor as the anchor is driven 
onto the plug with a setting tool. 


Another type of expansion 
shield is a self-drilling anchor. 
The anchor is placed in a spe- 
cial chuck head adapted for 
a rotary hammer. The sharp 
teeth at the end of the anchor 
drill a hole in the concrete. 
The anchor is secured with an 
expansion plug. 

Figure 8-32 shows the proce- 
dure for installing a self-drilling 
anchor. The chuck end of the 


Installing Self-Drilling Anchors - 
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anchor is snapped off with a quick 
lateral movement of the rotary 
hammer or by using a snap-off 
tool. Self-drilling anchors are avail- 
able in sizes accommodating 
bolts of 44” to 34” diameter. 


Stud-Bolt Anchors 


Stud-bolt anchors are typically 
used to fasten large equipment and 
machinery in place. The equip- 
mentis set in its final position, and 
the holes are drilled in the concrete 
through the mounting lugs of the 
equipment. Stud-bolt anchors are 
then inserted and secured. 

Threetypes of stud-bolt anchors 
are available—expansion plug, 
sleeve, and wedge. See Figure 
8-33. Stud-bolt anchors are avail- 
able in 4" to 34" diameters. 

An expansion plug stud-bolt 
anchor has a tapered expansion 
plug located at the end opposite 
the external threads. A lead 
shield surrounding the expan- 
sion plug expands as the anchor 


is driven down on to the plug 
within the predrilled hole. 
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Figure 8-32. A self-drilling anchor is placed in a special chuck head that is adapted for a rotary hammer. 
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Figure 8-33. Stud-bolt anchors are used 
to fasten large equipment and machinery 
in place. 


Sleeve stud-bolt anchors are 
available in a variety of preas- 
sembled units. When the nut or 
screw head ofthe bolt is tightened, 
the sleeve wedges outward and 
provides a grip for the anchor. 

The anchor wedge of a wedge- 
type stud-bolt anchor is banded 
around the lower portion of the 
bolt. The wedge allows the anchor 
to be driven into the hole yet of- 
fer resistance to it being pulled 
out. A wedge stud-bolt anchor 
is driven into a hole drilled in 
the wall. The wedge expands 
outwardly as the tapered portion 
of the stud-bolt is drawn into it 
when the nut is tightened. 

To install a stud-bolt anchor, first 
drill holes through the mounting 
lugs of the equipment to be fas- 
tened or use the mounting lugs 
provided. The holes should be 
the same diameter as the anchor 
to be used. Place the stud-bolt 
anchor, anchor end first, into the 
hole. Using a hammer or appro- 
priate anchor-setting tool, drive 
the stud-bolt into position and se- 
cure the equipment in place with 
a washer and nut. When driving 
anchors into position, protect the 


end of the threads by installing 
a nut at the end or by placing a 
piece of wood over the end. 


Adhesive Anchors 


Adhesive anchors include adhe- 
sives mixed and dispensed from 
tubes and adhesives stored in glass 
capsules. The adhesive is placed 
in a drilled hole and a stud-bolt 
is placed in the proper position. 
Tube-dispensed adhesives are 
typically a two-part epoxy mixed 
to the proper proportions as it 
is dispensed. When using tube- 
dispensed adhesives, the hole is 
drilled and properly prepared by 
removing particles with a brush 
and air from a blow-out bulb. See 
Figure 8-34. When starting a new 
cartridge or tube, dispense and 
discard enough adhesive until a 
uniform dark gray coloris achieved. 
Insert the nozzle tip into the bottom 
of the hole and fill to approximately 
one-half the hole depth. The stud- 
bolt is inserted into the hole and 
slowly rotated to provide a good 
bond between the concrete and 
the bolt. After the recommended 
cure time, the equipment can be 
positioned and secured. 

A glass capsule adhesive anchor 
consists of a sealed glass capsule 


Installing Tube-Dispensed Adhesive Anchors . 
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Figure 8-34 I | 
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containing an adhesive mixture, a 
stud-bolt, and a nutand washer. The 
capsules are available in a variety of 
sizes to accommodate various bolt 
diameters. Each capsule may con- 
tain synthetic resin and quartz ag- 
gregate filler. After a hole is drilled 
and properly prepared, the glass 
capsule is inserted into the hole. 
See Figure 8-35. The stud-bolt, 
attached to a rotary hammer, is 
inserted into the hole, breaking the 
capsule and agitating the mixture. 
As the capsule is crushed, a chemi- 
cal reaction occurs and the mixture 
fills the gap between the stud-bolt 
and sides ofthe hole and penetrates 
the pores of the concrete. When 
the adhesive hardens full holding 
power is achieved. 


DRIVE PINS AND STUDS 


Drive pins and studs are also 
widely used devices for fastening 
materials to concrete and masonry 
walls. A drive pin is a hardened 
steel nail that is driven directly into 
the concrete to secure an object into 
place. A stud consists of a nail end 
thatis embedded in concrete and a 
threaded end to receive a nut. See 
Figure 8-36. Drive pins and studs 
are driven into the concrete with a 
powder-actuated tool. 


Insert Insert Allow 
dispenser stud into resin 
nozzle hole to cure. 


into while 


bottom of 
hole. 


twisting. 


Figure 8-34. A tube-dispensed adhesive is mixed as it is forced down the nozzle. 
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A powder-actuated tool quickly 
embeds drive pins or studs into 
concrete or other masonry. See 
Figure 8-37. The tool can also 
be used to drive pins and studs 
into steel beams and columns. 
A powder-actuated tool is a 
gun with a powder-filled round 
(shell) that drives the pin or 


Installing Glass Capsule 
Figure 835. 0 ! 


Adhesive Anchors 


stud into the wall. Additional 
information on powder-actuated 
tools is found in Unit 18. 


METAL CONNECTORS 


Metal connectors are commonly 
used in wood- and metal-framed 
construction and are extremely 
important in areas subject to 
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Figure 8-35. A glass capsule adhesive anchor consists ofa sealed glass capsule contaíning 


an adhesive mixture, a stud-bolt, and a nut and washer. 
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Figure 8-36 "M 
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earthquakes, tornados, and hur- 
ricanes. Studies have shown 
that, when structural damage 
occurs, it is typically the re- 
sult of framing members being 
pulled loose at their joints rather 
than being broken along their 
length. Metal connectors are 
available in many shapes and 
sizes for a variety of structural 
wood and metal connections. 
Some of the most commonly 
used metal connectors are joist 
and beam hangers, post bases, 
framing anchors, holddowns, 
and tiedowns. See Figure 8-38. 


Hilti, Inc. 
Figure 8-37. A powder-actuated tool is 
used to drive píns and studs into concrete 
or other masonry. 
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Figure 8-36. Many types of drive píns and studs can be driven into concrete or other masonry. 


Metal Connectors 
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Figure 8-38. Metal fasteners are used to tie together members in wood-fre med construction. 
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Metal connectors are manufac- 
tured from light-gauge stamped or 
punched sheet metal and heavy- 
gauge forged steel. The connec- 
tors may have a finish coating to 
resist corrosion. Metal connectors 
and fasteners will corrode and 
may lose load-carrying capabil- 
ity when installed in corrosive 
environments or when exposed 
to corrosive materials. In the past 
few years, the formulas for wood 
preservatives have changed, and 
many of the new wood preserva- 
tives contain higher copper con- 
tents, which are more corrosive 
to metal connectors and fasten- 
ers than traditional wood pre- 
servatives. Therefore, the metal 
connectors and fasteners with 
the proper finish are required 
to ensure proper load-carrying 
capacity. Always refer to manu- 
facturer recommendations to 
determine the proper connector 
and fastener finish for a particular 
application. 

When installing metal connec- 
tors, only approved fasteners, such 
as nails, screws, and bolts, should 
be used. Approved fasteners in- 
clude triple-galvanized fasteners, 
stainless steel fasteners, and fas- 
teners with specialized coatings. 
Always refer to the project speci- 
fications and/or manufacturer 
recommendations to determine 
the proper fasteners to use. 

To prevent corrosion, metal con- 
nectors, washers, and bolts should 
not be in direct contact with 
pressure-treated wood. When 
installing metal connectors with 
pressure-treated wood, place a 
small section of self-adhesive 
polyethylene film, also known as 
Peel ‘N Stick™, between the con- 
nector and the wood. For washers, 
cut a small piece of Peel ‘N Stick, 
cut a small X in the center of it, 
remove the backing, and place it 
over the bolt before installing the 
washer. Bolts can be isolated from 
the surrounding pressure-treated 
wood by drilling a hole approxi- 
mately 1%” larger than the bolt, 
placing the bolt through the hole, 
and applying epoxy between the 
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bolt and wood. Refer to the local 
building code to ensure that over- 
sizing the hole is approved. 

The most effective installation 
of metal connectors is a verti- 
cal line of connectors from the 
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foundation to the roof rafters. See 
Figure 8-39. Information regard- 
ing metal connector installation 
is detailed in later units covering 
different stages of wood- and 
metal-framed construction. 


TOP 
PLATES 


STUD 


Figure 8-39. Metal connectors aligned vertically provide the most effective protection 
against wind damage. 


Metal connectors are fastened 
to wood and metal structural 
members using nails, screws, 
or bolts, depending on the fas- 
tening requirements. Stainless 
steel fasteners should be used 
when installing stainless steel 
connectors. 


Nails 


Holes are provided in metal con- 
nectors through which nails are 
driven to fasten the connectors 
to structural members. Com- 
mon nail sizes used with metal 
connectors range from 4d (1%”) 
to 16d (3%”). The nail size and 
diameter used for metal connec- 
tors depends on the thickness 
of the structural member and 
manufacturer recommendations. 
Nails with a diameter thinner 
than recommended by the manu- 
facturer do not provide enough 
shear strength and should not 
be used. Some manufacturers 
stamp the recommended nail 
size on the metal connector. See 
Figure 8-40. Nail holes with 
domes or tabs guide nails into 
the structural members at a 45? 
angle. In most cases, all fastener 
holes in metal connectors must 
be filled with fasteners to ensure 
the rated load-carrying capacity. 
Nail heads.should be seated flush 
with the surface ofthe metal con- 
nector to ensure maximum shear 
strength for the nail. 
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Figure 8-40. Manufacturers may stamp 
the recommended nail size on metal 


connectors. 


Nails for metal connectors can 
be driven using a hammer, palm 
nailer, or pneumatic nailer. 
When using a pneumatic nailer 
for fastening metal connectors, 
the nailer must be fitted with a 
hole-locating mechanism. Spe- 
cialized pneumatic nailers, re- 
ferred to as positive-placement 
nailers, are designed specifi- 
cally for driving nails for metal 
connectors. See Figure 8-41. 


Senco Products, Inc. 


Figure 8-41. A pneumatic nailer must be 
fitted with a hole-locating mechanism or 
be designed to expose the nail tip when 
driving nails for metal connectors. 


Screws 


Screws may also be used to fasten 
metal connectors to structural 
members. Metal connectors that 
require screws are typically more 
expensive and require more time 
for installation. However, screws 
provide a strong connection be- 
tween metal structural members 
when properly installed. Only 
screws specified for the metal 
connectors should be used. Do 
not substitute drywall screws 
for the specified type of screw as 
drywall screws do not provide 
the required shear strength. 


Bolts 


Metal connectors for larger fram- 
ing members may require ma- 


chine bolts as fasteners. See A 


Figure 8-42. Holes for the bolts 
should not be more than 1⁄6” larg- 
er than the bolt diameter, and the 


holes should be drilled from only 
one side ofthe member. When the 
nut for the machine bolt is to be 
placed against a wood member, a 
washer must be installed between 
the nut and member. 


WASHER . 


NUT 


| MACHINE 
| BOLT 


Figure 8-42. Machine bolts may be used 
to fasten metal connectors to larger fram- 
ing members. 


ADHESIVES 


Several types of adhesives are 
available for construction pur- 
poses. Some are glues, which 
have a plastic base, and others 
are mastics, which have an as- 
phalt, rubber, or resin base. The 
term "glue," however, is often 
used for mastic systems. 

Method of application, drying 
time, and bonding character- 
istics vary among adhesives. 
Some adhesives are more resis- 
tant to moisture and to hot and 
cold temperature extremes than 
others. Also, certain adhesives 
are toxic and flammable, so 
the work area must be well- 
ventilated. Other adhesives are 
highly irritating to the skin, so 
skin contact must be avoided. 
Manufacturer recommenda- 
tions should always be followed 
when using adhesives. 
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Glues 


Glues, in conjunction with nails, 
staples, or screws, are common- 
ly used to hold together joints 
in mill and cabinet work. See 
Figure 8-43. Glues are sold in 
a liquid form or as a powder to 
which water must be added. 

Polyvinyl and aliphatic resin 
glues are available in different siz- 
es of ready-to-use plastic squeeze 
bottles. Polyvinyl and aliphatic 
resin glues have a good rating for 
bonding wood together and set 
up (dry) quickly after being ap- 
plied. However, these glues are 
not waterproof and should not be 
used on work that will be subject 
to constant moisture. 

Urea resin is a plastic resin glue 
that is available in a powder form. 
The powder is mixed with water 
atthe time it is needed. Urea resin 
makes an excellent bond for wood 
and has fair water resistance. 

Phenolic resin has excellent 
water resistance and resis- 
tance to extreme temperature 
fluctuations. Phenolic resin is 
commonly used to bond the 
veneer layers of exterior grade 
plywood. 

Hesorcinol resin has excellent 
water resistance and resistance 
to extreme temperature fluctua- 
tions. Resorcinol resin creates a 
very strong bond and is frequent- 
ly used for bonding the wood 
layers of glulam timbers. 

Contact cement is primarily 
used to bond plastic laminates 
to wood surfaces. Contact ce- 
ment has a neoprene rubber 
base. Since contact cement sets 
so quickly, it is very useful for 
joining parts that are difficult to 
clamp together. 

Apply contact cement to both 
surfaces being joined.Allow 
contact cement to dry complete- 
ly before pressing the pieces 
together. 


Mastics 


Mastics have a thicker consis- 
tency than glues. Mastics are 
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typically sold in cans, tubes, 
or canisters that fit into hand- 
operated or pneumatic caulking 
guns. See Figure 8-44. 


Masonry and Concrete. Mas- 
tics bond materials directly to 
masonry or concrete walls. If 
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furring strips are required on 
an uneven wall, they can be 
fastened with mastic rather than 
with concrete nails. In addition, 
insulation board can be perma- 
nently fastened to masonry and 
concrete walls with a mastic. 


GLUE SHELVES 
TO SIDE 


Figure 8-43. Glue is used to help fasten the joints of cabinets. 
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Figure 8-44. Tubes that fit into caulking 
guns are the most convenient way of 
applying mastics to the upper surfaces 
of floor joists. 


Gypsum Board. Mastics also 
bond gypsum board directly to 
wall studs, furring strips, and 
concrete or masonry walls. No 
nail indentations remain after 
installation, simplifying gypsum 
board finishing operations. 


Wall Paneling. Prefinished wall 
panels used in commercial and 
residential construction have a 
neater appearance if nails are 
not driven through them. Mastics 
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make it possible to apply panel- 
ing with very few or no nails at 
all. The panels can be bonded to 
studs, furring strips, Or concrete or 
masonry walls. 


Floor Systems. Mastics provide 
an important structural func- 
tion for glued floor systems 
by increasing the stiffness and 
strength of the floor unit. Us- 
ing an adhesive in addition to 
nailing or screwing produces a 
bond strong enough to cause the 
floor and joists to behave like 
integral T-beam units. Glued 
tongue-and-groove edges pro- 
vide improved sound control 
by reducing the number of gaps 
between the panels. Glued floor 
systems also help to eliminate 
squeaks, bounce, and nail pop- 
ping. Glued floors can be laid 
down quickly and efficiently, 
even during cold weather condi- 
tions, using standard construc- 
tion materials and procedures. 


In glued floor systems, a bead 
of mastic is applied with a caulk- 
ing gun to the upper surface of 
the joists before each panel is 
placed. When tongue-and-groove 
panels are installed, another 
bead of mastic is applied into the 
grooved edges of a row of floor 
panels before the tongues of the 
next row of panels are inserted 
in the grooves. The floor panels 
are then nailed or screwed down 
before the adhesive sets. See 
Figure 8-45. The setting time of 
mastics varies, and manufacturer 
recommendations should be fol- 
lowed. As a general rule, setting 
time accelerates during warm 
weather. Additional information 
regarding glued floor systems is 
provided in Unit 42. 

Mastic adhesives are also used 
to fasten wood sleepers to con- 
crete floors to provide a nailing 
surface for wood flooring materi- 
als. This procedure is described 
and illustrated in Unit 62. 


FLOOR 
JOISTS 


Figure 8-45. When panels with tongue-and-groove edges are used for a subfloor, the mastic is placed in the grooves and on top of the 


joists. 


Quick Quiz® 


Refer to the Interactive CD-ROM for the Quick Quiz® questions related to section content. 
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Measuring and 


Layout Tools 


ccurate measurement and 
layout are vital in con- 
struction work to mini- 
mize material waste. Adhering 
to the adage “measure twice, 


cut once" ensures that materials - 


are properly measured before 
they are cut, drilled, or other- 


wise modified. Various tapes, . 


squares, levels, and marking de- 
vices are available for accurate 
measurement and layout. 


TAPES AND RULES 


Steel tapes and rules are used to 
measure the lengths and widths 
of materials to be cut. In addition, 
they are used to establish the lo- 
cations of and distances between 
walls, floors, ceilings, and other 
structural parts of a building. 


Tape Measures 


A tape measure, or pocket tape, 
is probably used more often than 
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any other measuring tool on the 
job. See Figure 9-1. Tape measures 
come in various lengths, with 12’, 
16’, 20’, 25’, 30’, and 55’ lengths 
being the most popular sizes. The 
blade of a tape measure is usually 
VW" or 44” wide. Some 25’ tapes fea- 
ture a 1” blade, allowing the blade 
to remain rigid for an unsupported 
distance up to 7’. One edge of the 
blade of most tape measures is 
marked off in inches and the other 
edge in feet and inches. A special 
identifying mark is placed every 
16" on the blade for the 16" OC 
(on-center) layout of studs and 
floor or ceiling joists. Many tape 
measures also have an identify- 
ing mark every 19.2" on the blade 
for the 19.2" OC layout of trusses 
and engineered lumber joists. 
Some tape measures have English 
(customary) measurement (feet, 
inches, and fractions) on one edge 
of the blade and metric measure- 
ment (meters and millimeters) on 
the other edge. See Figure 9-2. 


Stabila, Inc. 


A carpenter's level is used to establish a level plane. 
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Figure 9-1. A tape measure is used for 
many measuring and layout jobs. 
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Figure 9-2. Tape measures are available 
that show English measurement on one 
edge and metric measurement on the 
other edge. 


Steel Tapes 


Steel tapes are used to measure 
long distances. See Figure 9-3. 
Carpenters typically use 50’ or 
100’ steel tapes with blades in- 
cremented in feet, inches, and 
eighths of an inch. Most steel 
tapes have a steel ring with a 
fold-out hook. The hook can be 
placed over the edge of an object, 
or the ring can be placed over a 
nail when extending the blade. 
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Figure 9-3. A steel tape is used to measure 
long distances. 


LEVELING AND 
PLUMBING TOOLS 


The term level refers to hori- 
zontal planes. A perfectly level 
surface is a flat horizontal plane 
without high and low points. 
The term plumb refers to a ver- 
tical position. A plumb line is 
always at a right angle (90°) to a 
level surface. See Figure 9-4. 


PLUMB LINE 


Figure 9-4. A plumb (vertical) line is 
always ata 90° angle to a level (horizontal) 
line. 


Carpenter’s Levels 


A carpenter's level, or hand 
level, is a hand tool used to es- 
tablish level and plumb lines. 
See Figure 9-5. Most carpenters 
prefer lightweight aluminum or 
magnesium levels to the older 
wood levels as they are more 
durable than wood levels. 


END VIALS 
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Figure 9-5. Lightweight aluminum or 
magnesium carpenter's levels are generally 
preferred over older wood types. 


Three slightly curved vials are 
set in the frame of a carpenter's 
level and are protected by glass 
or plastic covers. The vials are 
partially filled with spirit alco- 
hol that contains an air bubble. 
The vials at each end of a level 
are used to plumb objects. When 
a level is held in the vertical 
position and the air bubbles 
are centered between the two 


lines marked on the end vials, 
the level is exactly plumb. The 
center vial ofthe level is used to 
level objects. The air bubble will 
be centered between the two 
lines when the level is exactly 
level. See Figure 9-6. 


CENTER VIAL 


VERTICAL POSITION 7 


Li CER d 
Figure 9-6. The center vial of a carpenter's 
level is used for leveling. The end vials are 
used for plumbing. To ensure an accurate 
level reading, look straight into the vial 
and not at an angle. 


Carpenter's levels are avail- 
able in different lengths with 
the 24" or 28" level most often 
preferred by carpenters since 
they fit in a standard-size tool- 
box. Levels in 36”, 48”, 72”, 
and 78” sizes are also available. 
Some levels have a magnetic 
base to secure the tool to a steel 
member or surface, freeing both 
hands of the carpenter to make 
adjustments to the member. 
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A carpenter's level should be 
handled with care, since its vials 
and their protective covers are 
easily broken. The vials on most 
levels can be replaced if they 
are broken. A new level should 
always be checked for accuracy. 
Levels should be rechecked pe- 
riodically since they can become 
inaccurate over a period of time. 
Figure 9-7 shows how to test a 
level for accuracy. 

A plate level is similar to a 
carpenter's level, but has an ex- 
tendable arm to provide a longer 
reach for the level. See Figure 9-8. 
Plate levels are commonly used 


Checking Level Accuracy — 


| Figure 9-7 — 


Place level against vertical surface 
with bubble centered in middle vial. 
Draw line along bottom of level. 


to plumb walls or level across 
longer horizontal distances with- 
out setting up additional leveling 
instruments. 


Using a Straightedge with a 
Level. A carpenter's level is ac- 
curate only up to its length. Use a 
straightedge and carpenter's level 
when leveling or plumbing over 
long distances. A straightedge is 
usually a piece of lumber that is 
perfectly straight and is the same 
width from one end to the other. 
A piece of %” plywood with a 
block at each end is often used for 
this purpose. See Figure 9-9. 


LEVEL CHECK 


ALIGN BOTTOM 
WITH LINE 
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Reverse level end-for-end and align 
bottom with line. Bubble in middle 
vial should be centered. 


PLUMB CHECK 


Place level against vertical surface 
with bubble centered in end vials. 


Reverse level side-for-side and 
align left edge with line. Bubbles in 
end vials should be centered. 


Figure 9-7. A carpenter's level should be periodically checked for accuracy. 
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Stabila, Inc. 


Figure 9-8. The arm of a plate level can be 
extended to plumb a wall from the bottom 
plate to the top plate. 
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Figure 9-9. A straightedge consisting of 
a piece of ^" plywood with blocks at the 
ends and a carpenter's level is often used 
when leveling or plumbing over a long 
distance. 


Laser Hand Levels 


A laser hand level can be used as 
a standard carpenter's level or it 
can be switched on to emit a la- 
ser beam. See Figure 9-10. Laser 
hand levels are mounted on a 
tripod or placed on a flat surface. 
A tripod mount allows the level 
to be easily rotated. A laser hand 
level accurately projects a laser 
beam 50' to 100' with minimum 
beam deflection. 
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The Stanley Works 
Figure 9-10. A laser hand level is used 
to transfer locations from one surface to 
another surface which is nearby. 


Depending on the laser hand 
level manufacturer, the laser 
beam exits the level frame ap- 
proximately 1” above the base. 
When transferring marks from 
one surface to another, the dis- 
tance between the laser beam and 
base must be taken into account to 
ensure accurate measurements. 


Line Levels 


Another way to level long dis- 
tances is to use a line level. 
See Figure 9-11. A line level is 
hooked over a tightly stretched 
string. However, this is not al- 
ways an accurate method since 
there may be some sag in the line 
from which the level is hung. 
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Figure 9-11. A line level has hooks so that 
it can be attached to a tightly stretched 
string. 


Water Levels 


A water level is an accurate lev- 
eling tool that is based on the 
principle that water will find 
its own level in a system open 
to atmospheric pressure. See 
Figure 9-12. While water levels 
have largely been replaced by 
laser levels and other leveling 
instruments, water levels are a 
convenient tool to use to deter- 
mine a level location in another 
room or on the opposite side of a 
wall. Some water levels consist 
of a long section of clear plastic 
tubing with a clear reservoir on 
each end, while other water levels 
consist of a large water reservoir 
at one end that is connected to 
clear plastic tubing. Some models 
of water levels are equipped with 
a digital readout display. 

A. water level is only accurate 
if no air bubbles are present in 
the system and if both ends of 
the plastic tubing (or plastic 
tubing and reservoir) are open to 
the atmosphere. Colored water 
is used in a water level so that 
level marks can be easily noted. 
One end of the plastic tubing is 
placed at a predetermined mark. 


The worker then moves around 
the area to be leveled with the 
other end of the tubing and 
places marks on the wall when 
the water level stabilizes. 


Plumb Bob and Line 


A plumb bob and line are used 
for plumbing greater heights 
than can be handled by a level 
and straightedge. Figure 9-13 
shows how a plumb bob is used. 
The wall is plumb when the 
distance between the line and 
the top ofthe wallis the same as 
the distance between the point 
ofthe plumb bob and the bottom 
ofthe wall. Plumb bobs range in 
weight from 4 oz to 48 oz. 


SQUARING TOOLS 


A. 90? (right) angle is used most 
often for cutting and fastening 
together construction materi- 
als. Wall framing members and 
joists have square cuts at their 
ends. See Figure 9-14. A 45? 
angle is commonly used when 
fitting finish materials, such as 
the trim around a window or 
door opening. See Figure 9-15. 
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Figure 9-12. A water level is a convenient tool to use to determine a level location in 
another room or otherwise obstructed location. Water levels are based on the principle 
that water will find its own level in a system open to atmospheric pressure. 
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Figure 9-13. When using a plumb bob to 
plumb a wall, the distance between the 
line and the top of the wall is equal to the 
distance between the point of the plumb 
bob and the bottom of the wall. 


Southern Forest Products Association 
Figure 9-14. Square cuts are required when 
framing walls and ceilings. 
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Combination Square 


A combination square is used 
to lay out 90? and 45? angles. 
See Figure 9-16. The blades of 
most combination squares are 
12" long and are marked off in 
inches and fractions. 


Figure 9-15. Trim pieces, such as this cas- 
ing, are typically mitered at 45°. 
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Figure 9-16. A combination square is used 
to lay out 90? and 45? angles. 


A combination square can also 
be used as a marking gauge, as 
shown in Figure 9-17. The head 
of the combination square is 
locked in the desired position and 
placed flush against the edge of 
the surface to be marked. The tip 
of a pencil is held firmly against 
the blade while the combination 
square is pulled along the edge. 


Figure 9-17. Set the combination square 
to the desired position and guide the head 
along the edge of a board while holding a 
pencil along the end of the blade. 


Framing Square 


A framing square, also known 
as a steel square or rafter square, 
is a valuable measuring and 
layout tool. The blade, or body, 
of a framing square is 2" wide 
and 24” long. The tongue is 1V2" 
wide and 16" long. The outside 
corner of the square is the heel. 
The two sides of a framing 
square are the face and back. 


D 
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Face of Square. The inches on 
the outside edges of the face of a 
framing square are divided into 
Ae" graduations. The inches along 
the inside edges of the face are 
divided into %” graduations. The 
face of a framing square typically 
includes the manufacturer name 
at the corner, rafter tables on the 
blade, and an octagon table on the 
tongue. See Figure 9-18. 


Face of Framing Square 


| Figure 9-18 


INCHES AND SIXTEENTHS OF AN 


INCH ARE MARKED ALONG OUTSIDE 
EDGES OF BLADE AND TONGUE 


- = : IA 
~~ 265 


035; 


11s — 11 Se 


5 


RAFTER TABLES 


ae 
F 


2” BLADE 


TONGUE — 416” 


| 


i © 


Figure 9-18. The face of a framing square may include rafter and octagon tables. 


The rafter tables enable a car- 
penter to determine lengths of 
roof rafters using the length per 
foot of run for unit rises ranging 
from 2” to 18”. The procedure 
for using the rafter tables is 
explained in Section 10. The 
octagon table, used to lay out oc- 
tagonal shapes, is located at the 
center of the face of the tongue. 


Back of Square. The inches at 
the outside edges of the back of 
the square are divided into 1⁄2” 
graduations, which is useful 
when making scale layouts of 
1"z1'"-0". The inside edge of the 


blade of the back of the square 
is divided into 1⁄6” graduations. 
However, the inside edge of 
the tongue is divided into “o” 
graduations, which is also con- 
venient for some types of layout. 
See Figure 9-19. 


An Essex board measure table | 


and a brace measure table 
are also found on the back of 
a framing square. The Essex 
board measure table, used to 
calculate and convert lumber 
size measurement to board foot 
measurement, is on the back of 
the blade. The brace measure 
table, found on the back of the 


INCHES AND EIGHTHS OF AN INCH 
ARE MARKED ALONG INSIDE 
EDGES OF BLADE AND TONGUE 


à 
OCTAGON TABLE 
^ 


TONGUE 


tongue, identifies the diagonal 
lengths of braces based on com- 
mon vertical and horizontal 


measurements. 


E -— M m. m f 
| A board foot is equal to a piece 
er lumber measuring V x1 2" ac 

1 2", or any other measurement 

that contains 144 cu in. For - 
example, a piece of lumber 
measuring 1" thick by 6" wide by 
24" long also equals 1 BF. To 
determine the number of board 
feet, multiply the thickness, width, 
and length, and divide by 144. — 
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Figure 9-19 
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Figure 9-19. The back of a framing square may include Essex board measure and brace measure tables. 


Layout Procedures. Framing 
squares are used to check or 
square lines across wider boards 
or when greater accuracy is re- 
quired than is possible with a 
combination square. A framing 
square is also used to mark 45° 
angles across wide boards and 
check inside corners for square- 
ness. See Figure 9-20. To mark 
a 45° angle across a wide board, 
line up a number on the blade 
with the edge of the board and 
then line up the same number 
on the tongue with the edge of 
the board. 
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Framing squares can also be 
used to lay out and mark the 
spacing of short runs of studs and 
joists spaced 16” and 24” OC. To 
lay out marks 16” OC, place the 
end of the tongue at the starting 
point of the layout and square a 
line at the heel. Move the square 
in the direction of the layout, 
place the end of the tongue on 
the first 16” OC mark, and square 
the next line at the heel. Continue 
this process until the layout is 
completed. To lay out marks 24” 
OC, follow the same procedure 
using the blade of the square. 


A framing square is also used 
to lay out and mark the angle 
cuts for roof rafters by lining up 
figures corresponding to the unit 
rise and unit run of the roof on the 
tongue and blade. Layout of the 
angle cuts is covered in detail in 
Section 10. Another important 
function of the framing square 
is for laying out and marking the 


risers and treads of stair string- 
ers. This is done by marking the 
unit rise and run of the stairway 
by aligning the corresponding 
figures on the tongue and blade of 
the square. Stair layout is covered 
in greater detail in Section 14. 
The octagon table, located on 
the face of a framing square, is 
used to shape squared lumber 
or timbers into an octagonal 


(eight-sided) shape. The octagon 
table consists of a series of dots 
with every fifth dot numbered. 
A carpenter may be required to 
lay out an octagonal newel post 
on a square piece of stock for a 
stairway, thus requiring the use 
of the octagonal table. 

To lay out an octagonal shape 
on à piece of squared stock, first 
lay out the center of each side 


Framing Square Applications 
| Figure 9-20 ! 


SQUARING STOCK 


LAYING OUT ANGLED LINES 


of the stock. See Figure 9-21. 
In this example, the stock is 8" 
along each side. Using the octag- 
onal table and dividers, set the 
dividers to 8 units since the stock 
measures 8" along each side. 
Transfer the 8-unit distance to 
the stock, laying out the distance 
on each side of the centerline. 
Using a pencil, connect these 
points to form an octagon. 


NN ee — ae 


SQUARING FRAMING MEMBERS 


Figure 9-20. Framing square applications include squaring a line across a wide board, marking a 45° angle across a wide board, and 


checking an inside corner for squareness. 


Using the Octagon Table - 


Figure 9-21 


CENTERLINES 


Lay out centerlines 
of stock. 


DISTANCE TRANSFERED 
TO EACH SIDE OF 
CENTERLINE 


Set the dividers using the 
octagon table. Here, the 
dividers are set to 8 units 
since the stock is 8” square. 


Transfer distance to 
each side of centerline 
and connect points to 
form octagon. 


Figure 9-21. The octagon table is used to shape squared lumber or timbers into an octagonal shape. 
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Speed? Square 

A Speed? Square, also referred 
to as a pocket square or rafter 
angle square, is used to lay 
out angles from 0? to 90? and 
to lay out the angled cuts for 
roof rafters. See Figure 9-22. In 
addition, a Speed Square may 
also be used as a saw guide 
when crosscutting lumber. In 
recent years, the popularity of 
the Speed Square has increased 
due to its compact size and ver- 
satility. Additional information 
on the use of Speed Squares is 
included in units 46 to 49. 


INCH SCALE 


Sliding T-Bevel 

The sliding T-bevel, or bevel 
square, is used to transfer and 
test angles. The blade is ad- 
justed to the desired angle and 
is locked into place with a wing 
nut. See Figure 9-23. A sliding 
T-bevel is considered essential 
by experienced carpenters. 


Other Squaring Tools 


Another type of squaring tool 
used by carpenters is the try 
square. See Figure 9-24. A try 
square has a short, fixed blade and 
is used to lay out 90? angles. 


CN AND VALLEY RAFTER SCALE 


COMMON AND 
JACK RAFTER SCALE 


PROTRACTOR SCALE 


em BASE 


PIVOT POINT 


Figure 9-22. The protractor scale of a Speed? Square is used to lay out angles ranging 
from 0? to 90°. The common, hip, and valley scales are used to lay out the plumb and 
seat cuts for common, hip, and valley roof rafters. 
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Figure 9-23. A sliding T-bevel is used to 
transfer angles. The wing nut tightens the 
blade in place. 
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Figure 9-24. A try square is used to lay 
out 90° angles. 


An angle divider is a layout 
tool used to lay out joints that 
meet at angles other than 90°. 
See Figure 9-25. When laying 
out miter cuts on wall molding, 
an angle divider is first placed 
in the corner in which the 
molding will fit and locked into 
position using the thumbscrew. 
The angle divider is then posi- 
tioned on the molding and the 
desired angle is marked along 
one of the legs. 


MARKING AND 
SCRIBING TOOLS 


Many tools are available for 
marking materials for layout 
purposes including pencils, 
scribers, wing dividers, scratch 
awls, center punches, and tram- 
mel points. Flat pencils are com- 
monly used by carpenters since 
they cannot roll when placed on 
a flat surface. 


A scriber has two legs—one 
with a steel point and one hold- 
ing a pencil. See Figure 9-26. A 
scriber is used when a close fit 
is required between two pieces 
of material when one of the 
surfaces is irregular. The steel 
point is placed against the ir- 
regular surface and is pulled 
along the surface, transferring 
the irregularities to the mating 
surface. 


Figure 9-25. An angle divider is used to lay 
out miter cuts on molding for walls that 
meet at angles other than 90°. First, the 
angle divider is adjusted to fit the inside 
corner. Then it is used to mark the miter 
cut on the molding. 


Figure 9-26. A scriber is used to mark a 
line when a close fit is required between 
the edge of a piece of material and an ir- 
regular surface. 


Dividers are used to draw 
arcs and circles or lay out equal 
spaces. One metal leg is easily 
replaced with a pencil if desired. 
See Figure 9-27. Dividers can 
also be used when a close fit is 
required between two mating sur- 
faces. When using dividers for this 
purpose, bend the point of the 
removable leg slightly outward. 


The Stanley Works 


Figure 9-27. Dividers are used to draw 
arcs and circles and can also be used as 
a scriber. 


A scratch awl is used to mark 
lines on materials that will not 
show a pencil line. Scratch awls 
are also used to start holes for 
wood screws, especially in hard- 
wood lumber. See Figure 9-28. 


^ The points of scratch awls and ~~ 
dividers can be protected using 

disposable synthetic earplugs or 
 ascrap piece of foam. siis 


HANDLE 


b - aita. 


Figure 9-28. A scratch awl is used to start 
holes for wood screws or mark lines on ma- 
terials that will not show a pencil line. 


A center punch is struck with 
a hammer to mark holes to be 
drilled in hard wood or metal. 
The indentation in the metal 
will prevent the drill bit from 
"skating" across the surface. See 
Figure 9-29. 
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Figure 9-29. A center punch is used to 
mark holes to be drilled in hard wood 
or metal. 


A set of trammel points is used 
to lay out circles of any size. A 
pencil is clamped on to one of 
the trammel points. Both points 
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are clamped to a piece of straight 
and narrow stock. The distance 
between the trammel points is 
equal to the radius of the circle. 

Square gauges, or stair gauges, 
are used with a framing square 
to lay out roof rafters and stair 
stringers. The square gauges are 
clamped to the blade and tongue 
of a framing square to ensure the 
same angle is laid out for the rafters 
and stringers. See Figure 9-30. 

A chalk line reel, also known 
as a chalk box, is used to snap 
straight lines on flat surfaces. 
See Figure 9-31. The reel is 
filled with colored powdered 
chalk, which coats the line 
(string) wound up in it. A ta- 
pered ring at the end of the line 
can be hooked on a nail while 
the line is unwound. The line is 
stretched taut and then pulled 
straight up and released to snap 
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a chalk line on the material be- 
neath it. After snapping a few 
lines, the line will need to be 
rewound to recoat it. 


Figure 9-30. Square gauges are attached 
to a framing square to lay out angle cuts 
for roof rafters as well as tread and riser 
cuts for stair stringers. 


Figure 9-31. A chalk line reel is used to 
snap straight lines on flat surfaces. 


Fastening and 


Prying Tools 


astening and prying tools 

are used to install and re- 

move fasteners such as 
nails, bolts, and screws. The 
proper tools must be used to 
prevent injuries and to avoid 
damage to the fasteners dur- 
ing installation or removal. In 
addition to using the proper 
tool for the job, appropriate 
personal protective equipment 
(PPE), such as safety glasses 
or goggles, should be worn to 
prevent or minimize injuries. 
OSHA 29 CFR 1926.301, Hand 
Tools, provides general recom- 
mendations for proper hand tool 
usage for construction. OSHA 
29 CFR 1926.102, Eye and Face 
Protection, details the proper 
eye protection for use with fas- 
tening and prying tools. 


FASTENING TOOLS 


Fastening tools are used to 
drive or install fasteners that 
hold together building materi- 
als. Nails, screws, staples, and 
bolts require different tools 
to drive or install the fasten- 
ers. Appropriate PPE must be 
worn by the worker using the 
fastening tool and other work- 
ers in the area where the work 
is being performed. 


Hammers 

Hammers are striking tools 
used to drive and remove nails. 
The main parts of a hammer 
are the head, face, claw, and 
handle. See Figure 10-1. A 
hammer head is forged of high- 
quality steel and its face may 
be bell-shaped or flat. A bell- 
shaped face is slightly curved 


so nails can be driven flush to 
the surface, leaving only light 
marks on the lumber. 

The surface ofthe face may be 
smooth or milled (checkered). 
Milled hammer faces slip off a 
nail head less easily. However, 
a milled face will scar the wood 
and should only be used when 
doing rough work. 


SMOOTH 


MILLED 
HAMMER FACES 


Figure 10-1. The main parts of a hammer are the head, face, claw, and handle. The 


hammer face may be smooth or milled. 
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Different materials are used 
for hammer handles, includ- 
ing fiberglass, steel, and wood. 
Hammers with fiberglass or steel 
handles are cushioned with a 
vinyl or neoprene grip to absorb 
the blows when striking a nail. 
Hardwood hammer handles can 
be easily replaced if broken. 
Select a hammer with a handle 
diameter ranging from 11⁄4” to 2” 
to reduce the risk of injury. 

Straight-claw and curved-claw 
hammers are used by carpenters. 
See Figure 10-2. The size of ei- 
ther hammer is determined by 
the weight of its head. Always 
use the proper weight hammer 
for the job. 


Klein Tools, Inc. 


CURVED-CLAW 


Figure 10-2. Carpenters use both straight- 
claw and curved-claw hammers. 


Straight-Claw Hammers. A 
straight-claw, or ripping, ham- 
mer is used for rough work such 
as framing or concrete form con- 
struction. In addition, a straight- 
claw hammer can be used to pry 
boards apart and to split pieces 
of lumber. See Figure 10-3. 
Straight-claw hammer weights 
include 16 oz, 20 oz, 22 oz 
24 OZ, 28 oz, and 30 oz. A 22-oz 
hammer is common for rough 
work. Some carpenters who 
specialize in framing work use 
28-0z hammers since a heavier 
hammer provides more driving 
power than lighter hammers. 
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While 28-oz hammers are com- 
monly used for framing work, 
care must be taken to avoid wrist 
and elbow injuries. When select- 
ing a hammer, the proper head- 
to-handle weight distribution is 
very important. Good balance 
results in less stress on muscles 
and tendons. 


Curved-Claw Hammers. A 
curved-claw hammer is com- 
monly used for finish work. 
Some carpenters feel that the 
curved-claw design provides 
better balance and control when 
driving finish nails. Curved-claw 
hammers also provide better 
leverage for pulling nails. See 


Figure 10-3. In addition to driving nails, 
straight-claw hammers are used to pry 
boards apart and to split pieces of lumber. 


Figure 10-4. Curved-claw ham- 
mers range in weight from 7 oz 
to 20 oz, with a 16-oz hammer 
being the most popular choice. 
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Figure 10-4. Curved-claw hammers 
provide better leverage when pulling nails 
than straight-claw hammers. A block of 
wood placed under the hammer head 
increases leverage and helps in removing 
the fastener. 


Hammering Technique 


The proper hammering tech- 
nique results in faster work with 
less effort. See Figure 10-5. Keep 
your wrist loose at all times 
while driving nails. The blow 
is delivered through the wrist, 
elbow, and/or shoulder, depend- 
ing on the strength of blow to be 
struck. Rest the hammer face on 
the nail and draw the hammer 
back. Start the nail with a light 
tap and drive the nail. Strike the 
nail squarely to avoid bending it 
and to prevent the hammer head 
from bouncing off the nail and 
scarring the wood surface. 


A hammer and nail set are used to drive the head of a nail below the surface of a door 


side jamb. 


* To avoid splits in harder 
wood, either blunt the end 

T of the nail with a hammer, 
Re AMNEM. cut off the point of the nail, 
> AMEND EAR S l ' or drill a pilot hole for the 
nail. See Figure 10-8. The 
blunt end of a nail forces 
the wood fibers ahead of it 
and reduces the possibility 
of splitting the wood. 

* Whenever possible, drive 
nails across the grain rather 
than into the end grain. 
Nails driven into end grain 


Driving Nails 
Figure 10-5. 


LIGHTLY TAP 
x TO START NAIL 


REST FACE OF 
HAMMER ON NAIL 


Rest face of hammer on nail. Draw 
hammer back and give light tap to 
start nail and to determine aim. 


Strike nail squarely with hammer 
face to avoid marring wood and 
bending nail. Keep face of hammer 
clean to avoid slipping off nail. If 


nail bends, pull it out and start new | 


have less holding power. If 
it is necessary to nail into 
the end grain, drive nails 
in at an angle to increase 


nail in new place. 


their holding power. See 
Figure 10-9. 


Figure 10-5. Proper use of a hammer results in more efficient driving of nails. 


Nailing Method 


Nails provide a strong tie between 
building materials. Improper 
nailing methods result in weak ties 
between materials. The following 
nailing methods should be used: 


* When possible, always drive 
a nail from the thinner piece 
of material into the thicker 
piece. The nail should be 
long enough so the upper 
third of the nail is in the thin- 
ner piece and the rest of the 
nail is driven into the thicker 
piece. See Figure 10-6. 

e Stagger the nails when 
driving nails near the end 
of a board. See Figure 10-7. 
Aligning the nails may split 
the board. 


CORRECT INCORRECT 


Figure 10-7. Stagger nails when nailing near the end of a board. Placing the nails in a 
straight line may split the board. 


HAMMER 


CUT OFF 
POINT DRILL PILOT HOLE 


BLUNT NAIL 


Figure 10-8. To avoid splits in harder wood, blunt the end of the nail with a hammer, 
cut off the point of the nail, or drill a pilot hole for the nail. 


Figure 10-6. When possible, nail from a 
thinner piece into the thicker piece. 
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grain, drive the nails in at an angle to 
increase their holding power. 


* When it is not possible to 
end-nail two pieces togeth- 
er, toenail them by driving 
the nail at an angle so ap- 
proximately half the nail is 
in each piece of wood. See 
Figure 10-10. 

* For temporary nailing, tack 
the nails so they stick out 
from the material and can 
be easily withdrawn. See 
Figure 10-11. 

* To increase holding power 
between two pieces fastened 
face-to-face, drive nails at an 
angle. See Figure 10-12. 


Nail Sets. A nail set is used to 
drivea nail head below the wood 
surface. See Figure 10-13. Nails 
are usually set when installing 
finish materials such as mold- 
ing, paneling, or siding. Holes 
left by the set nails are filled by 
a painter. Nail sets are typically 
4" long and their tips range in 
diameter from Y5z" to 952". 


| sPLITTING 


NAIL HEAD 
" PROTRUDES 


TACKING 


Figure 10-11. Tacking is a procedure for 
temporary nailing. The head of the nail 
should stick out so that it can be easily 
withdrawn. 


~ NAIL DRIVEN 
AT ANGLE 


Figure 10-12. Driving nails at an angle 
increases the holding power between two 
pieces fastened face-to-face. 


Hatchets 


Hatchets are striking tools that 
have a nailing face as well as 
a cutting edge. Three types of 
carpenter hatchets are the half- 
hatchet, wallboard hatchet, 
and shingling hatchet. See 
Figure 10-14. All carpenter 
hatchets have slots at the side 
of the blade for pulling nails. 
A half-hatchet is used to 
sharpen and drive stakes when 
constructing wood concrete 
forms. A half-hatchet has a 
beveled single or double blade 


LIKELY TO 


Figure 10-10. Toenails should be driven in at an angle so approximately half of the nail 


is in each piece of wood. 
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that is usually 34%” wide. A 
wallboard hatchet, or drywall 
hammer, has a curved, milled 
nailing face, which permits 
the face to dimple the gypsum 
board without breaking through 
the paper covering. A shingling 
hatchet is used to install wood, 
composition, and fiberglass roof 
shingles. The blade ofa shingling 
hatchet is usually 21%” wide. 


Figure 10-13. A nail set is used to drive a 
nail head below the surface of the wood. 


Use and Care of 
Striking Tools 


Finger injuries are the most fre- 
quent accidents caused by strik- 
ing tools. Proper care and use of 
striking tools is essential to in- 
jury-free operation. Consider the 
following items to avoid injuries 
when using striking tools: 


* When using a hammer or 
hatchet with a wood handle, 
ensure the head of the tool 
fits tightly on the handle. 


_ Figure 10-14. 


SHINGLING 


Vaughan & Bushnell Mfg. Co. 


Figure 10-14. Hatchets used in the 
carpentry trade have a nail-pulling slot 
at the side of the blade. 


* Do not use a hammer if the 
handle is loose or damaged. 
Replace a cracked wood 
handle. 

* Use a flat-faced hammer for 
driving nails. 

e Remove hammers from ser- 
vice that have signs of ex- 
cessive wear, chips, cracks, 
or mushrooming. 

e Hammer heads should be of 
proper hardness. Soft heads 
will mushroom and chips 
may break off. 

* When using a hammer or 
hatchet, ensure the back- 
swing path is clear. 

* Do not use one hammer to 
strike another. 


Staplers 


As a rule, hand-operated me- 
chanical staplers, or tackers, are 
not part of the carpenter's basic 
tool collection; they are usually 
provided by a contractor. Heavy- 
duty staplers can perform many 
operations previously performed 
with a hammer and nails. 


A strike tacker is operated by 
striking the plunger with a rub- 
ber mallet. A strike tacker can be 
used to fasten floor underlayment 
to the subfloor. Strike tackers 
drive 18-ga staples between 7$" 
and 1%” long. See Figure 10-15. 
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Figure 10-15. A strike tacker may be used 
to fasten floor underlayment. 


A hammer tacker allows one- 
hand operation, since it releases 
a staple when it is struck against 
a surface. Hammer tackers are 
commonly used to install carpet 
padding, insulation, roofing 
paper, and vapor barriers. See 
Figure 10-16. Hammer tackers 
use 20-ga staples between V" and 
%6” long. 
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Figure 10-16. A hammer tacker is used to 
fasten insulation batts. 


A staple gun tacker is a heavy- 
duty stapler that also allows 
one-hand operation. It is used to 
fasten a variety of materials, in- 
cluding vinyl flooring, insulation, 
roofing paper, screening, carpet 
padding, carpet, and ceiling tile. 
See Figure 10-17. Staple gun tack- 
ers typically drive 20-ga staples 
between 14" and 94e" long. 


LEVER HANDLE 


The Stanley Works 
Figure 10-17. Heavy-duty staple guns are 
used to fasten vinyl flooring, insulation, 
roofing paper, carpet padding, screening, 
carpet, and ceiling tile. 


Screwdrivers 


Screwdrivers are used to drive 
or withdraw screws and should 
not be used to pry pieces apart. 
The parts of a screwdriver are 
the head, handle, blade (shank), 
and tip. See Figure 10-18. The 
size of a screwdriver is identi- 
fied by the length of its blade. 
More frequently used lengths 
are 3”, 4”, 6”, 8”, and 10”. Screw- 
drivers with longer blades have 
larger handles allowing greater 
torque to be applied, which is 
required when driving larger 
screws. The three basic types 
of screwdrivers are standard, 
Phillips, and square-drive (Rob- 
ertson) screwdrivers. 
Screwdrivers are used for 
power tasks, such as driving 
screws into hardwood, and for 
precision tasks, such as adjust- 
ing the calibration of an instru- 
ment. For power tasks, select 
a screwdriver with a handle 
diameter ranging from 114” to 2”. 
If necessary, a snug sleeve can 
be placed over the screwdriver 
handle to increase its diameter. 
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In addition, for power tasks, se- 
lect a screwdriver with a handle 
longer than the widest part of 
your hand— usually 4" to 6". If 
the handle is too short, the end 
of the handle will press against 
the palm of your hand and may 
cause an injury. For precision 
tasks, select a screwdriver with 
a handle diameter ranging from 
VA" to Ve", 


Screwdrivers | 
Figure 10-18 - 
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SQUARE-DRIVE 


Figure 10-18. Standard, Phillips, and 
square-drive (Robertson) screwdrivers are 
used by carpenters to drive screws. 


Standard Screwdrivers. The tip 
of a standard screwdriver fits 
into a single slot in the screw 
head. Tips range in width from 
V&" to ?8". Longer screwdrivers 
typically have wider tips, but 
narrower tips are also available. 
For best results, use a screw- 
driver with a tip equal in width 
and thickness of the size of the 
screw slot. 


Phillips Screwdrivers. The tip of 
a Phillips screwdriver is shaped 
like a cross and is used to drive 
the cross slot head of a Phillips 
screw. The size of a Phillips 
screwdriver is determined by 
the length of the blade as well 
as by the tip size. Common tip 
sizes range from 0 to 4. 


Square-Drive Screwdrivers. 
The tip of a square-drive screw- 
driver is square and fits into the 
square recess of a square-drive 
(Robertson) screw. The tip of 
a square-drive screwdriver fits 
deeper into the screw head and 
tends to lock into the screw 
recess, providing better torque. 
Square-drive screwdriver tip 
sizes include #1, #2, and #3. 


Driving Wood Screws. When 
driving screws into harder 
woods, shank and thread pilot 
holes must be drilled to prevent 


Up Screws in Hard Wood 


gu Line up mating pieces. o Continue drilling os create - 


Drill pilot hole through 
top piece and into 
bottom piece. 


screw shank hole. 


screw hole. 


Counigreink shoulder of 


the wood from splitting. Com- 
bination countersink and drill 
bits are commonly used to drill 
the pilot hole, shank hole, and 
countersink at the same time. 
Figure 10-19 describes the 
proper procedure for driving 
screws in hard wood. Ifa combi- 
nation bit is not available, drill a 
shank hole equal in diameter to 
the diameter of the screw shank 
and a pilot hole slightly smaller 
in diameter than the thread 
diameter. If a flat-head screw is 
being installed, countersink the 
shoulder to accommodate the 
screw head. 

When driving screws into 
softer woods, pilot holes should 
also be drilled. In addition, flat- 
head screws driven into softer 
woods tend to countersink 
themselves. 

Rubbing wax or soap on screw 
threads also makes it easier to 
drive a screw. A piece of wax 
can be kept in the toolbox for 
lubricating screws and other 
applications. 


Use and Care of Screwdriv- 
ers. Screwdriver accidents can 
cause puncture wounds in the 
hand. To avoid hand injuries, 
hold the screwdriver properly, 
as shown in Figure 10-20. 


Drive : screw "om screw 
hole. 


Figure 10-19. Screw shank and pilot holes should be drilled when fastening pieces of hard wood together with wood screws. 
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Figure 10-20. When driving screws, one 
hand turns the screwdriver while the other 
hand holds it in position. 


Another important work and 
safety factor is the condition of 
the screwdriver tip and blade. A 
straight screwdriver tip should 
be straight and square-cornered, 
not rounded or excessively ta- 
pered. See Figure 10-21. The tip 
of a Phillips screwdriver should 
not be chipped or flattened. Oth- 
er safety rules are as follows: 


NEEDS 


CORRECT DRESSING 


Tip of blade straight | Blade with rounded 
and square. tip will slip and 
damage slot. 


e Screwdrivers are designed 
to apply a certain amount 
of torque to a screw. Do not 
attach a wrench to a screw- 
driver to increase leverage 
or torque. 

* Most screwdriver handles are 
plastic or wood. Do not drive a 
screwdriver with a hammer. 

* Do not use a screwdriver as 
a punch, chisel, pry bar, or 
nail-puller. 

* Always use a screwdriver tip 
that properly fits the slot. 

* Do not carry a screwdriver 
in pants pocket. 


Wrenches and Pliers 


Various types of bolts are used 
to fasten structural members 
together. Gripping tools, such 
as wrenches and pliers, are used 
to install bolts and tighten nuts. 
See Figure 10-22. Wrenches are 
available in standard sizes, or 
they can be adjusted to the nut 
size. Pliers are a holding device 
and should not be used to tighten 
nuts or bolts. Two types of pliers 
are slip-joint and tongue-and- 
groove joint (C-joint) pliers. 


GROUND 
INCORRECTLY 


Flat sides nearly Too much taper. 
parallel to each 
other. 


Figure 10-21. The screwdriver tip and blade should be properly dressed (ground) to 
prevent the screwdriver from slipping from the slot. 


CORRECT 


Wrenches and Pliers 


Figure 10-22 ài 


FIXED JAW 


MOVABLE JAW 


ADJUSTABLE WRENCH 


TONGUE-AND-GROOVE 
JOINT PLIERS 


Klein Tools, Inc. 


SLIP-JOINT PLIERS 


Figure 10-22. Gripping tools, such as wrenches 
and pliers, are used to tighten bolts. 


Use and Care of Wrenches. 
Wrenches should be used only 
for their intended purpose. Using 
the wrong type of wrench or im- 
properly using a wrench can cause 
scraped knuckles, injured muscles, 
or a fall if the wrench slips. The 
following safety rules should be 
followed when using wrenches: 


* Check for worn, cracked, or 
sprung jaws on the wrench. 
Remove the wrench from ser- 
vice if such conditions exist. 
Use the proper size wrench 
for the job. Too short of a 
wrench will require addi- 
tional pressure to turn the 
nut or bolt and may result in 
slippage and injury. Too long 
of a wrench may provide too 
much torque, resulting in a 
damaged nut or bolt. 
Always try to pull, rather 
than push, on a wrench. See 
Figure 10-23. A greater dan- 
ger of a wrench slipping and 
causing a hand injury exists 
when pushing a wrench. 
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* Never use a wrench as a 
hammer. 

* Inspect wrenches for dam- 
age, including cracks, wear, 
or distortion. 

* Avoid using an extension 
on a wrench to improve the 
leverage. 


SS FIXED JAW 


n 


ADJUSTABLE 
WRENCH 


Figure 10-23. When using an adjustable 
wrench, be sure it is tightly adjusted to the 
nut. Pull the wrench so that the force is on 
the side of the fixed jaw. 


Use and Care of Pliers. Pliers 
are a versatile tool used for grip- 
ping, turning, and bending. The 
following safety rules should be 
followed when using pliers: 


* Cut hardened wire only 
with pliers designed for that 
purpose. 

* Do not use pliers for tighten- 
ing nuts and bolts; instead, 
use the proper size wrench. 

* To gain more leverage when 
using pliers, use a larger 
size pliers. 

* Never use pliers as a hammer. 


Pliers must be carefully se- 
lected to minimize the risk of 
injury. For power tasks, select 
a pliers with an open grip 
span no greater than 34%” and a 
closed grip span of at least 2”. 
The grip span is the distance 
between the thumb and fingers 
when the tool jaws are open 
or closed. See Figure 10-24. If 
continuous force is required, 
consider using a clamp or lock- 
ing pliers. If available, select 
a pliers with handles that are 
spring-loaded to return the 
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CLOSED 


Figure 10-24. For power tasks, a pair of pliers with an open grip span no greater than 
3⁄2” and a closed grip span of at least 2" should be used. 


handles to the open position. In 
addition, select a pliers without 
sharp edges or finger grooves on 
the handle. 


PRYING TOOLS 


Prying tools are designed to 
pull apart materials that have 
been fastened. Carpentry work 
sometimes requires tearing apart 
structural members, especially 
in remodeling work. Small or 
large sections of a building 
may have to be torn down and 
removed. In concrete form con- 
struction, wood forms must be 
stripped away after the concrete 
has hardened. 

Most accidents related to the 
use of prying tools occur when 
the tool slips and the worker 
falls. Workers should maintain a 
balanced footing and a firm grip 
on the tool. Proper use of prying 
tools not only reduces the chance 
of accidents but also reduces 
damage to materials that must 
be reused. 

One type of prying tool is the 
ripping bar or pry bar. See Figure 
10-25. Ripping bars are available 
in lengths ranging from 12" to 60", 
with a 30" bar being the most 
popular length since it conve- 
niently fits in most toolboxes. 


NAIL CLAW 


Figure 10-25. A ripping bar is used to 
pry boards apart and remove large nails 
or spikes. 


A ripping chisel, or flat bar, has 
a nail slot at the end to pull nails 
from tightly enclosed areas. A rip- 
ping chisel may also be used as a 
small pry bar. See Figure 10-26. 

A nail claw is used solely for 
nail removal. See Figure 10-27. 
The sharpened nail slot is driven 


under a nail head to pull the nail 
above the lumber surface. The 
nail is then pulled completely out 
with a hammer or ripping bar. 


NAIL SLOT 


Figure 10-26. A ripping chisel may be used 
to pry materials apart. 


SHARPENED ^ 
NAIL SLOT 


XU nr 


Figure 10-27. A nail claw is used to pull 
nails driven flush with the lumber surface 
so they can be pulled out with a hammer 
or ripping bar. 
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awing and cutting tools 
are used to cut and trim 
construction materials 
to their proper dimensions. 
Handsaws, knives, chisels, and 
snips are commonly used on 
construction jobs. Sawing and 
cutting tools have sharp cutting 
edges that must be protected 
when the tool is not in use. In 
addition, sawing and cutting 


tools should be handled care- 


fully to avoid injury. Eye pro- 
tection must also be worn. 


HANDSAWS 


The main parts of a handsaw are 
the blade (including the toe and 
heel of the blade), teeth, back, 
and handle. See Figure 11-1. 
Although the basic construc- 
tion of all handsaws is similar, 
there are many differences in 
the length and shape of the 
blade and the number and 
shape of the teeth. Most hand- 
saws have a straight back, but 
skewback saws (curved-back) 
are also available. 

The kerf (cut made by a 
handsaw) is wider than the 
thickness of a saw blade to al- 
low the blade to move freely 
through the material being cut. 
If this were not the case, the 
wood fibers pressing against the 


Sawing and 


Cutting Tools 


blade would cause the saw to 
bind, making the cutting action 
difficult. Teeth of a saw are set 
(alternately bent from side to 
side), which provides a wider 
kerf than the blade thickness. 
High-quality saw blades are 
taper ground. See Figure 11-2. 
The blade back is thinner than 
the blade at the cutting edge, 
requiring less set in the teeth. 


/ VERRE Dee e 


TOE BLADE 


The Stanley Works 
Figure 11-1. Although the basic con- 
struction of handsaws is similar, many 
differences are found in the length and 
shape of the blade and the number and 
shape of the teeth. 


A saw usually has a number 
printed on its blade indicating 
the number of teeth or points 
per inch. See Figure 11-3. The 
lower the number, the larger 
the teeth, and the rougher the 
cut that is made. For example, 
an 8-point saw has larger teeth 
than an 11-point saw and pro- 
duces a rougher cut than an 
11-point saw. 


SAW 
BLADE .| 
THINNER ^| 
AT BACK 


CROSSCUT TEETH 
SET TO BOTH SIDES 


Figure 11-2. High-quality saws have a 
taper-ground blade. The blade is thinner 
along its back than at its cutting edge. 


L-— 1”= 11 POINTS m 


10 TEETH 
Figure 11-3. An 8-point saw has larger 


teeth and fewer teeth per inch than an 
11-point saw. 
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When using a handsaw, posi- 
tion the piece being sawn face 
up to avoid splintering on the 
face. The back of the workpiece 
splinters due to the cutting ac- 
tion of the blade. 


BLADE HANDLE y 


The Stanley Works 


Crosscut Saws 


Most saws used in carpentry are 
crosscut saws. The teeth of cross- 
cut saws are shaped like knives 
to cut across the wood fibers and 
grain of the wood. See Figure 11-4. 
Crosscut saws should be held at a 
45° angle to the work surface to cut 
efficiently. 

The most popular type of 
crosscut saw for rough work 
has a 26” blade with 8 points 
per inch. Crosscut saws for fin- 
ish work usually have a shorter 
blade, such as 20” or 22”, with 
10 or 12 points per inch. 


Figure 11-5. Compass saws are used to cut 
curves or internal openings. 
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Compass Saws. A compass saw 
is used to saw curves, holes, 
and other internal openings. See 
Figure 11-5. A compass saw has a 
12” or 14” blade with 8 or 10 points 
per inch. When cutting an internal 
opening, a hole is first drilled in the 
material to start the compass saw. 
A compass saw can also be used to 
start saw cuts in tight spaces where 
aregular saw will not fit. 


= 


BOTTOM 
VIEW OF 
TEETH 


FRONT VIEW 
CUTTING 
ACTION 


Figure 11-4. The knife-shaped teeth of a crosscut saw are effective for cutting across 
the grain. 
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Keyhole Saws. A keyhole saw is 
similar in appearance to a com- 
pass saw, but it has a narrower 
and shorter blade and its teeth 
are finer. Keyhole saws are used 
to make curved cuts in areas too 
small for a compass saw to be 
used in. 


Backsaws. A backsaw is used 
with a miter box to make fine 
cuts in finish work. See Figure 
11-6. The blade of a backsaw is 
10" to 26" long and 31⁄4” to 6” 
wide, and has 10 to 14 points 
per inch. The back of a back- 
saw is reinforced to stiffen the 
blade for accurate straight cuts. 
A large version of a backsaw is 
a miter saw. 


BACKSAW SAW GUIDE 


STOP MITER BOX 


DRIVE SCREWS THROUGH LEG 
HOLES TO FASTEN TO BENCH 
OR LUMBER SUPPORTS 


The Stanley Works 


Figure 11-6. Backsaws may be used with 
a miter box to cut accurate angled or 
straight cuts in finish work. 


A miter box may be used with 
a backsaw or miter saw to guide 
the saw for accurate angled cuts. 
A. miter box can be set to the 
desired angle and locked in po- 
sition. A miter box has built-in 
Stops to cut accurate 90°, 67159, 
60°, 45°, and 22V? angles. 


Dovetail Saws. A dovetail saw 
has a reinforced back, round 
handle, and narrow blade. See 
Figure 11-7. Dovetail saws are 
used to make fine cuts in mold- 
ing and other small trim mate- 
rials. The type of dovetail saw 
used most often has a 2" x 10" 
blade, with 15 points per inch. 


REINFORCED 


BACK HANDLE 


BLADE | 


The Stanley Works 


Figure 11-7. Dovetail saws are used to 
make fine cuts in molding or other small 
trim materials. 


Coping Saws. A coping saw is 
used to cut curves and irregu- 
lar lines in thin material. See 
Figure 11-8. Coping saws are 
frequently used to cut coped 
joints when fitting the inside 
corners of molding. The coping 
saw preferred by most carpen- 
ters has a Ye” x 6%” blade. The 
blade can be adjusted to make 
angled cuts easier. 


Ripsaws 


Ripsaws are designed to cut with 
the wood grain. Ripsaw teeth are 
shaped like chisels, to be effec- 
tive for cutting with the wood 
fibers. See Figure 11-9. Most 
ripsaws have a 26" blade with 
5% points per inch. A ripsaw 
should be held at a 60° angle 
to the work surface for efficient 
cutting action. Sawing with the 
grain takes more time and effort 
than sawing across the grain. 


_ when ripping a 


FRAME 


HANDLE 


Figure 11-8. Coping saws are used to make 
fine, irregular cuts in thin materials. 


Sawing Technique 

The proper sawing technique 
ensures quick, clean, and ac- 
curate cuts in wood or other 
material with minimal effort. 
See Figure 11-10. In addition, 
the proper sawing technique 
prevents hand lacerations from 
the saw teeth. Use the following 
technique when cutting with a 
crosscut saw or ripsaw: 


FRONT VIEW 
CUTTING 
ACTION 


BOTTOM 
VIEW OF 
TEETH 


1. Placethe saw teeth along the 
waste side of the line. Press 
your thumb or side of hand 
lightly against the blade 
when starting the cut. 

2. Pull back on the saw, hold- 
ing up on the handle so the 
blade moves lightly back 
and forth until an initial 
saw kerf has been made. 

3. Movethe nonsawing hand a 
safe distance away from the 
blade and continue cutting. 
Adjust the cutting angle for 
crosscut saws and ripsaws to 
45° and 60°, respectively. 


D 


Hand Sawing Techniques 
Media Clip 


Use and Care of 
Handsaws 


Cuts are the most frequent 
accidents caused by sawing 
tools. Proper use and care of 
handsaws is essential to in- 
jury-free operation. Consider 
the following items when us- 
ing and storing handsaws: 

* Handsaws must be kept 


sharp. Dull saws cut poor- 
ly and can cause injuries. 


Figure 11-9. The chisel-shaped teeth of ripsaws are effective for cutting with the grain. 
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Hand Sawing 


Figure 11-10 


Q Align saw teeth along line and press 
thumb against blade. 


o Pull back on saw, holding up on 
handle. 


9 Move nonsawing hand away from 


kerf and continue cut. 


Figure 11-10. The proper sawing technique results in accurate cuts while minimizing accidents. 


* Wipe a thin film of oil on 
a saw blade at the end of 
a work day to prevent the 
blade from rusting and to 
prolong tool life. 
Do not ride (dig in with) the 
blade when sawing. A sharp 
blade will cut quickly and 
accurately with very little 
pressure. 
Store handsaws in a toolbox 
so the teeth are protected 
from contact with other met- 
al objects. Many carpenters 
fasten a slotted hardwood 
saw-block at the bottom and 
to one side of the toolbox. 
Handsaws can then be placed 
in the slots of the sawblock. 
The teeth of a handsaw are set 
(offset to one side or another) to 
provide a kerf that is wider than 
the blade thickness. Over time, 
the set ofthe teeth may decrease, 
causing the saw blade to bind in 
the kerf. Occasionally, the origi- 
nal set must be restored. Using a 
saw set, each cutter tooth is offset 
from the plane ofthe saw slightly 
in the direction opposite to the 
adjacent teeth. The tooth offset 
must be the same on both sides 
of the saw or the saw will go off 
course during use. 
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Metal-Cutting Saws 


Two metal-cutting saws are the 
hacksaw and nail saw. A hack- 
saw is used to cut metal mate- 
rials such as framing members 
and door thresholds. See Figure 
11-11. A nail saw is used to cut 
nails holding together framing 
members. See Figure 11-12. The 
nail saw blade fits into a metal 
or plastic handle similar to that 
of a compass saw. 


S 


Klein Tools, Inc. 


American Saw & Mfg. Company 
Figure 11-11. Hacksaws are used to cut 
metals. 


E x, 


Always ensure the workpiece is 


secure before sawing. — 


Figure 11-12. Nail saws are used to cut 
nails so that framing members can be 
more easily separated. 


OTHER CUTTING TOOLS 


In addition to handsaws, other 
cutting tools used by carpen- 
ters include chisels, knives, 
and specialty tools for cutting 
sheet metal and wire. Each tool 
should be used as designed for 
safe and efficient operation. 


Wood Chisels 


Wood chisels are hand tools used 
for rapid removal of waste stock. 
See Figure 11-13. Some chisels, 
such as flooring chisels, are 
designed for rough work. Other 
chisels are designed for finish 
work. A butt chisel is a wood 
chisel used for mortising door 
hinges, flush bolts, and other 
kinds of finish hardware. Butt 
chisels have a plastic or wood 
handle that holds the blade. 
The end of a chisel handle is 
typically protected by a steel 
cap, which receives the direct 
hammer blow. 

Chisel blades are available 
in V&" to 2" widths and 3” to 
6" lengths. Finish carpenters 
typically carry a wide selection 
of chisel sizes for a variety of 
applications. Chisels are often 
stored in a plastic roll to protect 
the cutting edges. 


Wood Chisels — . 
| Figure 11-13 


FLOORING 


Figure 11-13. Wood chisels include flooring 
chisels and butt chisels. A flooring chisel is 
used for rough work. A butt chisel is used 
to mortise lumber for door hinges and other 
types of finish hardware. 


Use and Care of Wood Chisels. 
Wood chisels must be kept sharp. 
A dull chisel requires greater ef- 
fort to use, results in poor work, 
and provides greater potential 
for injury. Consider the following 
safety precautions when using 
wood chisels: 

e Carry wood chisels by the 
handle with the blade point- 
ing downward. Do not carry 
chisels in pockets. 


* Remove wood chisels from 
service if handles are loose 
or cracked. 

* A wood chisel should only 
be used for its designed pur- 
pose. Do not use a chisel as 
a wedge or pry bar. 

e When using a wood chisel, al- 
ways keep both hands behind 
the cutting edge of the chisel. 
Always cut away from your 
body. See Figure 11-14. 


Cold Chisels 


Cold chisels are forged from 
special hardened and tempered 
alloy steel, and are used to cut 
through nails and other metals, 
stucco, and plaster, and to 
chip concrete. Cold chisels are 
available in !4" to 1" widths 
and 6" to 12" lengths. See 
Figure 11-15. 

Wear protective goggles when 
working with cold chisels. Cold 
chisels may develop mush- 
roomed heads during use. Steel 
chips from a mushroomed 
head create a safety hazard. 
Rough edges should be ground 
down as soon as mushrooming 
develops. 


the chisel, and cut away from the body. 


Figure 11-14. When using a wood chisel, keep both hands behind the cutting action of 


Figure 11-15. Cold chisels are used to 
cut metals and chip concrete. Cold chisel 
heads must be properly ground to prevent 
chips from becoming detached from a 
mushroomed head. 


Knives 


Carpenters use knives for cut- 
ting gypsum board, insulation, 
and many other construction 
materials. A retractable-blade 
utility knife is frequently used. 
See Figure 11-16. The blade is 
retracted into the knife body 
when it is not being used. Ad- 
ditional blades are stored in 
the handle. 
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Klein Tools, Inc. 
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Figure 11-16. Utility knives are used to 
cut materials such as gypsum board, 
fiberboard, and insulation. 


Before cutting with a utility 
knife, adjust the blade so it bare- 
ly clears through the opposite 
side of the material being cut. 
When using a utility knife, keep 
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the free hand out of the way of 
the knife blade. 


Sheet-Metal Snips 


Sheet-metal snips, or tin snips, 
are available in a variety of 
sizes and designs. Sheet-metal 
snips are used to make straight 
cuts in metal framing members, 
screening, flashing, or other 
lightweight metal. 

Aviation snips are used to 
make straight or angled cuts in 
light-gauge sheet metal, and are 
available in a 10%” length. The 
compound action of aviation 
snips results in maximum cut- 
ting power with minimal effort. 
See Figure 11-7. 


Side-Cutting Pliers 
Side-cutting pliers are used for 
cutting and twisting wire. See 
Figure 11-18. In addition, side- 
cutting pliers are useful for cut- 
ting off or pulling out nails. 


Figure 11-17. Aviation snips are used to 
cut metal framing members. 


HANDLES 
A 


BLADES 


Figure 11-18. Side-cutting pliers are 
commonly used for twisting or cutting 
wires and pulling or cutting nails. 


lampin and 


Boring Tools 


lamping tools, such as 
clamps and vises, se- 
curely hold and support 
materials being worked on or 
fastened together. Clamps and 
vises are used in rough and 
finish carpentry work. Clamps 
and vises are available in a 
variety of designs and sizes to 
perform a variety of tasks. A 
well-designed clamp or vise 
is easy to tighten and adjust, 
and will hold items securely 
without marring the-surface. 


Boring tools include ratchet . 
braces and hand drills, which - 


can be fitted with a variety 
of bits for performing a wide 
range of tasks. 


CLAMPS 


A clamp is a fastening tool 
used to hold or secure pieces 
together to prevent movement 
or separation. Clamps hold and 
apply pressure to materials 
while they are being worked on 
while glue or other adhesives 
set. Some of the more com- 
monly used clamps are shown 
in Figure 12-1. 

C-clamps are general-purpose 
clamps used for a variety of 
carpentry and welding tasks. 


FACE-TO-FACE 
OPENING 


E iid » 
Á gD san JAWS E" d 


Á | 
và 


FIXED ADJUSTABLE 
END TAIL STOCK HINGE 


BAR CLAMP SPRING CLAMP 


BAND CLAMP HANDSCREW 


EN 
Adjustable Clamp Company 


Figure 12-1. Clamps are used to hold or secure pieces together to prevent movement 
or separation. 


When using C-clamps to hold 
together finish materials, pro- 
tective pieces such as wood 
scraps should be used to pre- 
vent indentation. Bar clamps 
consist of a solid bar (typically 
aluminum or steel) with a fixed 
head at one end and an adjust- 
able tail stop. See Figure 12-2. 


xx - " 


Figure 12-2. Bar clamps should be se- 
lected based on the size ofthe workpieces 
being joined. 
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The "fixed" heads may also have 
an adjusting screw to make mi- 
nor adjustments to the clamp. 
Bar clamps are available in many 
sizes with the face-to-face open- 
ing ranging from 6" to 6’-0”. Pipe 
clamps are similar to bar clamps, 
but the solid bar is replaced with 
a pipe. Rubber pad protectors are 
commonly installed on the jaws 
ofbar and pipe clamps to protect 
the surface being clamped from 
being marred. 

Spring clamps consist of two 
hinged jaws and handles that 
are held in tension with a spring. 
Spring clamps apply moder- 
ate pressure to localized areas. 
Band clamps consist of a web 
belt that is adjusted in length 
using a crank- or ratchet-type 
handle. Band clamps are used 
for a variety of applications in- 
cluding cabinetmaking and SIP 
construction. Handscrews are 
constructed of two maple jaws 
and handles with connecting 
screws. Handscrews are capable 
of applying even pressure along 
tapered pieces of stock. 

Specialty clamps, such as 
corner clamps and three-way 
edging clamps, are also avail- 
able. See Figure 12-3. Corner 
clamps are lightweight clamps 
used for the assembly and glue- 
up of lightweight parts being 
joined at a 90? angle. Three-way 
edging clamps consist of three 
screws and are commonly used 
for securing countertop edging 
or edge veneer. Clam clamps are 
specialty clamps used to hold 
mitered pieces, such as door 
casing, in position until glue or 
other adhesive sets. Four pins 
along each side of the clamp en- 
gage the outer edges ofthe casing 
and exert pressure on the joint as 
the handle is turned. A perfect 
and tight 90? joint is formed. The 
pins leave small indentations in 
the casing edges, which can be 
filled. For stain-grade casing, two 
of the pins on each side can be 
removed, thus minimizing the 
indentations. 
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Ir] - Use the proper size clamp for the - 


Specialty Clamps 
DENM  — 


Adjustable Clamp Campany 


CORNER CLAMP 


Adjustable Clamp Company 


THREE-WAY 
EDGNG CLAMP 


HANDLE 


FOUR PINS 
EACH SIDE 


Chestnut Tool Co. 


CLAM CLAMP 


CEILING GRID CLAMP 


Figure 12-3. Specialty clamps may be 
employed to perform certain operations 
more easily. 


| damping load. Large clamps on. 
small workpieces exert bending 4 


strain on the screw an e 


Ceiling grid clamps are com- 
pact specialty clamps used to 
temporarily secure suspended 
ceiling members together. Ceil- 
ing grid clamps have rubber- 
padded jaws to ensure that the 
ceiling members are not marred 
or otherwise damaged. An inte- 
gral cam is used to apply pres- 
sure to the ceiling members to 
secure them in position. 

Trim clamps are a type of 
spring clamp with sharp points 
instead of jaws. Trim clamps 
are used to secure miter joints 
in position while the joint ad- 
hesive sets. 


Use and Care of 
Clamping Tools 


As with any other tool, proper 
use and care of clamping tools 
is a key to proper operation. 
Basic tips for the proper and 
safe use of clamping tools are 
as follows: 

e Do not use a wrench, pipe, 
hammer, or pliers to tighten 
a clamp. 

e Select the proper size 
clamp for the work being 
performed. 

e Discard any clamp if its 
frame, screw, or spindle is 
bent or otherwise defective. 
Tremendous pressure is ex- 
erted on the clamp when se- 
curing items and may result 
in damage to the clamp. 

e Do not use a C-clamp for 
hoisting operations. 

e Store clamps by hanging 
them in racks. 


VISES 


Vises are used to hold or secure 
pieces together to prevent move- 
ment or separation, but they are 
typically attached to a solid base 
such as a workbench. Light- 
duty vises can be secured to the 
ends of sawhorses. Since a vise 
securely holds the workpiece, 
a worker can use both hands to 
perform the intended operation 
with hand or power tools. Vises 


typically have one fixed jaw and 
a movable parallel jaw that is 
adjusted using a screw mecha- 
nism. Common vises are shown 
in Figure 12-4. 


ATTACHED TO - 
UNDERSIDE OF 
WORKBENCH 


Figure | 12-4 
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DRILL PRESS VISE 
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/ SAWHORSE 


Adjustable Clamp Company 


CARPENTER'S VISE 


Figure 12-4. Vises are usually mounted 
on or attached to a solid base such as a 
workbench or sawhorse. 


Woodworker's vises are at- 
tached to the underside of a work- 
bench. A screw thread extending 
the length of the vise is used to 
adjust the distance between the 
faces. Some woodworker's vises 
have quick-release levers that 
bypass the screw thread to make 
fast adjustments. The faces of 
woodworker's vises are typically 
covered with wood to prevent 
marring of the workpiece. 


Drill press vises allow accu- 
rate drill press work by securely 
clamping the stock to the vise. 
Slots along the edges of the vise 
allow it to be fastened to the 
drill press table. Similar to cor- 
ner clamps, miter vises secure 
pieces together at a 90? angle to 
one another; however, a miter 
vise is fastened to a workbench. 
Some models of miter vises 
pivot 360? to allow irregularly 
shaped pieces to be properly 
secured. A carpenter's vise can 
be temporarily clamped to a 
sawhorse or piece of stock up 
to 2" thick. Carpenter's vises are 
convenient to use for medium- 
duty operations on a job site. 


Use and Care of Vises 


As with clamping tools, proper 
use and care of vises is a key to 
proper operation. Basic tips for 
the proper and safe use of vises 
are as follows: 

* Ensure a vise is properly 
fastened to a workbench or 
sawhorse before use. 

e Select a vise of proper size 
and capacity to hold the 
object being worked on. 

* Do not weld the base of a 
vise to a metal object such 
as a metal bench. 

* Do not use an extension pipe 
to tighten the jaws or exert ad- 
ditional pressure on the jaws. 

e When using a swivel-base 
vise, hand tighten the locknut 
handles at the sides of the 
vise. Do not use a wrench to 
tighten the locknut handles. 

e Do not move the movable jaw 
beyond the maximum speci- 
fied opening of the vise. 

e Always wear proper eye and 
face protection when using 
striking tools or power tools 
with a vise. 


BORING TOOLS 

Hand boring tools, including 
ratchet braces and hand drills, 
may be used in interior finish 


work. See Figure 12-5. Although 
power tools and equipment 
have largely replaced manual 
boring tools on the job site, cer- 
tain tasks may be better suited 
to hand tools. 
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RATCHET BRACE 


QUILL 


HANDLE 


HAND DRILL 


The Stanley Works 
Figure 12-5. A ratchet brace or hand drill 
can be used to manually drill holes. 


Ratchet Braces 


A ratchet brace is used with 
auger bits and other special- 
ized bits to bore holes in wood. 
The sweep of a ratchet brace is 
the diameter of the circle made 
when the handle is turned. A 
brace with a 10” or 12” sweep 
is used for general work. 

The box ratchet is adjusted to 
operate the brace in a clockwise 
or counterclockwise direction, 
permitting holes to be bored 
close to walls or corners where 
it is not possible to make a com- 
plete turn of the handle. 


Hand Drills 


Hand drills use the same type of 
high-speed steel bits used with 
portable electric drills. Hand 
drills are typically used to drill 
holes that are 1⁄4” diameter or 
less, although some have a %” 
chuck capacity. 
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cut, saw, or bore lum- 
ber leave a rough and 
uneven surface when the op- 
eration is complete. Smoothing 
tools are used to smooth and 
flatten the uneven surfaces. 
Smoothing tools include bench 
planes, scrapers, rasps, and 
serrated-blade forming tools. 


BENCH PLANES 


Bench planes are used for 
smoothing and jointing lumber. 
Jointing is the process of truing 
the edges of boards before they 
are fitted (joined) together. 

Many types of bench planes 
are available. The bench plane 
selected for a particular opera- 
tion is often based on personal 
preference, since planes of more 
than one type may be equally 
effective. The primary parts 
of a bench plane are the knob, 
lever cap, cam, plane iron, and 
handle. See Figure 13-1. Since 
the basic construction of most 
bench planes is similar, the ma- 
jor difference is size. 


Jointer and Fore Planes 

Jointer and fore planes are 
longer and heavier than other 
planes and are used for jointing 
long boards and fitting doors. 


106 


ost hand tools used to - 


/ 


See Figure 13-2. Jointer planes 
range from 20" to 24" long with 
2%” to 296" wide plane irons. 
Fore planes are shorter ver- 
sions of jointer planes and are 
18" long with 2%” wide plane 
irons. The bottoms of jointer 
and fore planes may be smooth 
or grooved. Fore planes are pre- 
ferred by carpenters since they 
are easier to handle and provide 
similar results to jointer planes. 


Jack Planes 

A jack planeis a general-purpose 
tool used for smoothing and fit- 
ting mating surfaces. Jack planes 
are commonly used for fitting 
doors. The most common size 
of jack plane is 14" long with a 
2" wide plane iron. 
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Figure 13-2. Jointer planes are 20"to 24^ 
long and are used to joint long boards 
and fit doors. 


Smooth Planes 


A smooth plane, or smoothing 
plane, is a general-purpose 
bench plane shorter than the 
jack plane. See Figure 13-3. 
Smooth planes are available 
in 94", 94%”, and 934" lengths 
with 134" or 2" wide plane 
irons. Smooth planes are useful 
for smoothing surfaces but are 
not as effective as larger planes 
for straightening surfaces. 
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Figure 13-1. Bench planes are used to smooth and joint lumber. 


The Stanley Works 
Figure 13-3. Smooth planes are general- 
purpose planes that are 9⁄4”, 9%”, or 
93^" long. 


Block Planes 


Block planes are used on small, 
narrow surfaces. A block plane 
is more simply constructed than 
other types of planes. Many 
block planes are adjusted for 
the depth of cut by properly 
positioning the plane iron in 
the plane mouth. See Figure 
13-4. Block planes are 6" or 
7" long with 1%” or 1%” wide 
plane irons. Plane irons of block 
planes rest at a 12? to 21? angle. 
Lower angles produce cleaner 
cuts across the end grain of lum- 
ber and plywood edges. 


The S ta Works 


Figure 13-4. Block planes are 6” or 7” long 
and are used on small, narrow surfaces. 


Rabbet Planes 


Rabbet planes are used to make 
rabbet joints on the ends of 
boards. Two types of rabbet 
plane are the bullnose and ad- 
justable bullnose rabbet planes. 
See Figure 13-5. 


Rabbet Planes _ 


_ Figure 13-5 


ADJUSTABLE 
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Figure 13-5. A bullnose rabbet plane is 
used to reach into corners. An adjustable 
bullnose rabbet plane can be adjusted for 
regular or bullnose work. 


Block planes are used on small, narrow surfaces. A fine shaving should be produced. 
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A bullnose rabbet plane is 4 
long, with a 1%” wide plane iron. 
The plane iron is located toward 
the front of the plane for close 
work into corners. 

An adjustable bullnose rab- 
bet plane is 10" long with a 1%” 
wide plane iron. The plane iron is 
placed in the rear seat for regular 
work or in the front seat for bull- 
nose work, such as cutting rabbets 
in corners. The fence on an ad- 
justable bullnose rabbet plane is 
used to produce a rabbet parallel 
to the edge of the stock. 


Use and Care of Bench 
Planes 


The proper procedure for us- 
ing a bench plane is shown in 
Figure 13-6. The effectiveness 
of a plane is determined by the 
condition and the sharpness of 
its plane iron. See Figure 13-7. If 
a plane iron is in good condition, 
it may require only touching up 
on an oilstone. Ifthe cutting edge 
is nicked or the bevel has worn 
down, a bench grinder can re- 
store the plane iron to its proper 
condition. See Figure 13-8. A 
plane iron should be pressed 
lightly to the wheel and dipped 
frequently in water to cool the 
steel and prevent it from burn- 
ing. Since burning softens steel, a 
burned plane iron will not retain 
a sharp edge when it is used. A 
grinding attachment is used to 
properly position the plane iron 
on the adjustable tool rest. 


L. Exposecinonpa ical ae Ü 
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Using Bench Planes 
Figure 13-6 — 
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To cut a smooth, straight edge, push the plane with the grain. To 
keep the plane straight, press down on knob at beginning of 
stroke and on handle at end of stroke. 


To obtain a smooth surface, plane with the grain. If grain is 
torn or rough after first stroke, reverse the work. If grain is 
cross or curly, sharpen plane iron carefully, set plane iron cap 
as near cutting edge as possible, and adjust plane iron to 
make a very thin, even shaving. 


LONG PLANE BRIDGES 
ANY LOW SPOTS 


ght with a long plane than with a short one. Long planes bridge low spots and do not 


l 
STOP HALF WAY AND 
REVERSE CUTTING DIRECTION 


"gm 


CORNERS MAY. 


END GRAIN 


Hold plane square with work surface. | Plane end grain half way from each edge. If plane is pushed all the way, corners will break. 


Figure 13-6. Bench planes must be used properly to ensure the desired results. When planing end grain, a 45° bevel may be formed at 
the corner to eliminate the corners breaking if the plane is pushed all the way across the end grain. 


After a plane iron is ground 
on a bench grinder, its fine edge 
is produced on an oilstone. See 
Figure 13-9. The plane iron is 
guided using a honing guide or 
by hand to ensure the edge is 
square to the plane iron. When 
guiding the plane iron, the hands 
should move parallel to the 
oilstone so the angle between the 
plane iron and oilstone remains 
constant throughout the stroke. 
Use enough oil on the oilstone 
"m eS nR to keep the surface moist. Oil 
When joining pieces of stock, a bench plane may be initially used to remove excess prevents the steel particles from 
wood prior to sanding. filling the pores of the oilstone. 
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When to Grind Plane 
Figure 13-7 à 


lrons 


When the bevel has 
been worn down by 
too much whetting. 


When the bevel is too 
long and thin, it is weak 
and will nick easily. 


When the cutting edge 


Ase When the bevel has 
is nicked. 


been rounded by 
careless wheiting. 


When the bevel is too 
short and thick, it will 
not enter the wood 

easily. 


THE PROPER GRINDING ANGLE EYE SHIELD 
(25°-30°) IS ACHIEVED WHEN 
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Figure 13-7. A plane iron must be properly ground when it is dull or the cutting edge is deformed. 
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Milwaukee Electric Tool Corp. 
Figure 13-8. A bench grinder is used 
to restore a plane iron to its proper 
condition. 


FEATHER OR 
WIRE EDGE 


Hold plane iron with both hands. (2) Remove feather or wire edge by 
Place bevel on oilstone with back taking a few strokes with flat side of 
edge slightly raised. Move plane iron plane iron held flat against oilstone. 
back and forth. Avoid the slightest bevel on this side. 


If nick or shiny edge of bluntness can 
be seen, repeat both processes of 
whetting. 


Figure 13-9. Oilstones are used to produce a final, sharp cutting edge on plane 
irons. 
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SCRAPERS 


Scrapers are used to remove 
mill marks and blemishes, or 
to smooth grain that may have 
been torn during planing. A very 
fine finish can be produced with 
scrapers. Scrapers are also used to 
remove light scratches in surface 
veneers of doors and paneling. 

A hand scraper isa thin piece 
of hardened steel with a slightly 
beveled edge. See Figure 13-10. 
The cutting action of a hand 
scraper is caused by a slight 
burr on the edge of the blade. 
The burr is produced using a 
burnishing tool, which turns 
the edge of the blade. A hand 
scraper should produce a fine 
shaving. Dust, instead of a shav- 
ing, indicates a dull scraper. 

A cabinet scraper removes 
ridges that remain after planing 
and is used for final smoothing 
of a surface prior to sanding. A 
cabinet scraper is also used to 
smooth surfaces that are difficult 


Hand Scrapers 
Figure 13-10 — 


Light scratches in cabinet doors and drawer fronts may be removed prior to finishing 


using a cabinet scraper. 


to plane because of curly or ir- 
regular grain. See Figure 13-11. 
The cutting edge of a cabinet 
scraper blade has a greater angle 
than a hand scraper. 


RASPS 


Rasps are used for rapid removal of 
waste material. See Figure 13-12. 
The cutting action of the triangular 
teeth of a rasp produces a rough 
surface, which must be finished by 
another smoothing tool. Rasps may 
be rectangular or half-round in 


EDGE OF 
SCRAPER. 


BURNISHER 


e e a ag ES 


86* 


the following strokes about 1°. Last stroke will be 


about 85°. 
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Figure 13-10. A hand scraper produces a fine finish. 


TURNED OUT ^ 


j e 


cross section. Combination rasps 
have coarse and fine teeth. 


SERRATED-BLADE 
FORMING TOOLS 


A serrated-blade forming tool, or 
Surform?, has hundreds of preset, 
sharpened steel teeth that act as 
tiny chisels. The holes between the 
teeth permit the shavings to pass 
through the blade to prevent clog- 
ging. See Figure 13-13. Serrated 
blades cannot be sharpened, so 
they must be replaced when dull. 


scraper blade can be held in any of the three ways shown above. Draw 


| burnisher toward you the full length of blade with sliding stroke. Some 


carpenters prefer to stroke both ways from center toward ends. A drop of oil on 


burnisher helps. 


SHARPENING 


x N 


Hand scraper is pushed or pulled as wood grain 


demands. 


Cabinet Scrapers 
Figure 13-11 


ED HANDLE 
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BODY’ CLAMP 
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(o 


Bevel of blade should be at a 45° angle when turning edge. 


Begin first stroke with burnisher held at angle a little 
BOTTOM Q greater than 45°. 


Cabinet scraper is used for 
final smoothing before 


o Gradually increase angle with each stroke. 


sanding. It removes slight 9 Last stroke angle of burnisher should be at about 


ridges left by the plane and 
smooths surfaces that are 
difficult to plane because of [4] 
curly or irregular grain. 


Turn blade edge with a few firm strokes on burnisher on bevel side of blade. Scraper 
blade can be held in any of the three ways shown above. 


—.... SHARPENING 


\ 


To adjust cabinet scraper, loosen 
adjusting thumbscrew and clamp 
thumbscrews. Insert blade from 
bottom with bevel side toward 
adjusting thumbscrew. 


E st Te 


Sea 


75° angle to flat face of blade. 


If edge of blade has been turned too far, it can be 
raised by drawing point of burnisher along edge 
under burr. 


Try scraper and change adjustment 
until a thin, even shaving is produced. 
Hold scraper turned a little to side to 
Start cut. Cabinet scrapers are usually 
pushed but can be pulled. 


Figure 13-11. The cutting action of a cabinet scraper is produced by a slight burr on the 


edge of the blade. 


Serrated-blade forming tools 
consist of a body, handle, and 
serrated blade. These tools can 
be adapted for rough cutting or 
for final smoothing by changing 
the angle at which they are held. 
See Figure 13-14. Serrated-blade 
forming tools are used on wood, 
plastic, vinyl, rubber, fiberglass, 
composition board, and soft 
metals such as aluminum. 


Quick Quiz® 


Refer to the Interactive CD-ROM for the Quick Quiz® questions related to section content. 


Bu LLL ^g 
Figure 13-12. Rasps are used to rapidly 
remove waste material. 


Figure 13-13. Serrated-blade forming 
tools have hundreds of sharp teeth with 
holes between them to permit the shavings 
to pass through the blade. This tool is 
specially designed for curved surfaces. 


Using Serrated-Blade 
Forming Tools 
Figure 13-14 


material and 
obtain 
smoother 


maximum 
amount of 
material by 
holding tool 
at 45? to 
direction of 
stroke. 


smooth work surface by 


surface by moving tool 
moving tool at slightly 
parallel to reverse 
surface. angle. 


Figure 13-14. The cutting action of a 
serrated-blade forming tool is determined 
by the angle of the tool. 
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Power Tools 


UNIT 14 Portable Power Saws ... 114 
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UNIT 16 Portable Power Drills and Screwdrivers ... 128 

UNIT 17 Portable Power Planes, Routers, and Sanders 241 39 
UNIT 18 Pneumatic and Powder-Actuated Tools ... 137 

UNIT 19 Welding and Metal-Cutting Equipment ... 146 


afe work practices are re- 

quired at a job site to 

minimize the potential for 
injury. The Occupational Safety 
and Health Administration 
(OSHA) requires all employers 
to provide a safe work envi- 
ronment for employees. A safe 
work environment is free of haz- 
ards and has safety practices in 
place to protect employees from 
injury or death. Employers are 
responsible for safety training 
and for ensuring that employ- 
ees follow OSHA regulations. 
Safety meetings and/or toolbox 
talks should be frequently con- 
ducted to discuss current safety 
topics and address employee 
safety concerns. 


POWER TOOL SAFETY 


Power tools and equipment are 
powered by electric motors, 
pneumatic systems, or powder 
actuation. Tools and equip- 
ment should be used only for 
the purpose for which they are 
designed, and must be operated 
safely to reduce accidents. OSHA 
29 CFR 1926.302, Power-Oper- 
ated Hand Tools, and OSHA 
29 GFR 1910.243, Hand and 
Portable Power Tools and Other 
Hand-Held Equipment, provide 
information on the safe operation 
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Portable 


Power Saws 


of power tools used for construc- 
tion. Power tool safety rules 
include the following: 


* [nspect power tools for 
defects daily before initial 
use. 

e Store power tools so as to 
protect them from damage, 
dampness, and dirt. 

* Wear proper personal pro- 
tective equipment (PPE), 
including eye, head, and/or 
hearing protection where 
required. 

e Do not carry corded or cord- 
less power tools with a fin- 
ger on the power switch. 

e Ensure the power switch is 
in the OFF position before 
connecting equipment to a 
power source. 


* Ensure that all rotating parts 
of equipment are properly 
guarded. 

* Do not allow hair to become 
entangled in moving parts. 

* Avoid wearing loose cloth- 
ing, ties, rings, or other 
items that could be caught 
by moving parts. 

* Ensure all safety guards are 
in position before starting. 


Electrical Safety 


The greatest hazard related to 
electric tools is electric shock, 
which can cause serious injury or 
even death. Shock occurs when 
a defect in the electrical system, 
such as a loose or exposed wire, 
causes electrical current to 
pass through the tool housing. 


Trus Joist, A Weyerhaeuser Business 
Engineered wood products are easily cut using traditional portable power saws. A 90° 
saw guide designed for cutting wood I-joists is being used. 


Electrical current seeks the easi- 
est path to the ground, and the 
human body is a good conduc- 
tor of electricity. Therefore, the 
current flows through the body 
to the ground. 

Most electric power tools are 
available as cordless or corded 
models. Cordless tools permit 
a worker to perform operations 
in most locations without hav- 
ing the concerns associated 
with alternating-current (AC) 
equipment. The battery life of 
a cordless power tool must be 
considered when selecting a 
tool for an operation. Thick 
stock, pressure-treated lumber, 
and hardwood lumber require a 
considerable amount of power 
to cut and might best be cut 
or otherwise fabricated with 
corded tools. 

Per OSHA 29 CFR 1926.404, 
Wiring Design and Protection, 
all electric corded tools, equip- 
ment, or devices must use either 
ground fault circuit interrupter 
(GFCI) outlets or acceptable 
means of grounding to ensure 
worker safety. A GFCI protects 
against electrical shock by de- 
tecting an imbalance of current 
in the normal conductor path- 
way and then quickly opening 
the circuit (in as little as Vo of a 
second). The most common type 
of GFCI outlet used on a job site 
is a portable GFCI. See Figure 
14-1. Portable GFCIs should be 
inspected and tested before each 
use. GFCIs have a built-in test 
circuit to ensure that the ground 
fault protection is operational. 


COI mmo. ] 
i ona] ob site er ae 
DL and culta Worn or frayed — 
sion cords must not be used. 
g r connection o of electrical tools 
equipment. dn addition, 
pe cords must not be — 
- fastened with staples, hung fro 


| nails, or suspended by eL. 


RECEPTACLE 
OUTLET COVERS 


ON/OFF 
SWITCH 


TEST/RESET 
BUTTONS 


Tower Manufacturing Corporation 


Figure 14-1. A portable GFCI compares 
the amount of current in the hot or 
ungrounded conductor with the amount 
of current in the common or grounded 
conductor and immediately breaks the 
circuit if a difference greater than 5 mA 
exists. 


If GFCIs are not available, an 
acceptable means of grounding 
must be established to prevent 
shock. In order to be grounded, a 
power tool must have a three-con- 
ductor cord with a three-prong 
plug that fits into a grounded out- 
let. See Figure 14-2. A grounded 
outlet has a ground wire that is 
connected to a water pipe or a 
ground rod driven into the earth. 
If a fault occurs in the tool, the 
electrical current travels through 
the ground wire in the cord and 
then to the ground wire connected 
to the outlet. Figure 14-3 shows a 
typical grounding system. 

Double-insulated tools do not 
require a grounding system for 
safe operation. The electric motor 


Grounded Outlets 
Figure 14-2 L. 


NONLOCKING 


For 110-volt tools; 
acceptable for indoor work. 
work. 


LOCKING 


For 110-volt tools; 
recommended for outdoor 


components are covered by extra 
insulation that prevents current 
from reaching the surface of the 
tool and creating a safety hazard. 

A properly grounded or double- 
insulated corded tool can still 
be dangerous under wet condi- 
tions since water is an electrical 
conductor. Special precautions 
should be taken when operat- 
ing power tools near water or 
dampness. Electrical safety rules 
include the following: 


* Periodically inspect electric 
cords for cuts, kinks, worn 
insulation, exposed wires, 
and any other defects. 
Place tool and extension 
cords so they do not present 
a tripping hazard. Do not 
expose cords to damage from 
mobile equipment or weld- 
ing or burning operations. 
Carry a tool by its handle or 
housing, not by its cord. Do not 
remove a plug from a recep- 
tacle by pulling on its cord. 
When operating electric tools 
in damp locations cannot 
be avoided, use insulating 
platforms, rubber mats, and 
rubber gloves. 

Always disconnect electric 
corded tools when they are 
not in use. 

Keep the cord of a power 
tool safely away from the 
blade or other rotating part 
of the equipment. 


LOCKING 


For 220-volt tools and 
equipment. 


Figure 14-2. Various configurations of approved grounded outlets are available for con- 


struction power tools and equipment. 
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Typical Grounding System 


Figure 14-3 
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Figure 14-3. In a typical grounding system, a ground wire runs from the power tool (in this case, a circular saw) to the grounded plug. 
Another ground wire runs from the grounded receptacle to a grounding bar in the servcie panel. A copper ground wire extends from 
the service panel to a ground rod or other grounding means in the earth. 


CIRCULAR SAWS 


The circular saw is the portable 
power tool used most often on 
a construction site. Circular 
saws are used by carpenters to 
cut lumber to length or panels 
to length and width. A variety 
of saw blades are available for 
cutting wood and nonwood 
materials on the job site. 

A circular saw blade cuts the ma- 
terial from the underside through 
the top. Circular saws are equally 
efficient for crosscutting and rip- 
ping lumber and panel products, 
and can be adjusted to cut angles 
ranging from 90° to 40°. 

Two types of circular saws 
are used in construction—side- 
drive and worm-drive saws. 
See Figure 14-4. The size of 
a circular saw is based on the 
largest diameter blade that can 
be properly installed. Circular 
saw blade diameters range from 
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492" to 12”, with 71⁄4”, 712”, or 
8⁄4” diameter blades commonly 
used by carpenters. Figure 14-5 
lists the different sizes of blades 
that are available and the depths 
to which they can cut at 45? or 
90? angles. 


Circular Saw Blades 

Many types of blades are used 
with circular saws. The proper 
circular saw blade to use for an ap- 
plication is based on the material 
being cut and the grain direction 
in which the cut is being made. 


DeWALT Industrial Toal Co. 


Use two hands to operate a circular saw—one hand on the handle and trigger switch 
and the other hand on the front knob or forward handle. 


See Figure 14-6. Hip blades 
have teeth shaped for cutting in 
the direction of the grain. Rip 
blades should not be used for 
plywood. Crosscut blades are 
used to cut across the grain and 
can be used to cut plywood. 
Combination blades are used 
for both crosscut and ripping 
operations. Combination blades 
are used more often than rip or 
crosscut blades since most jobs 
require sawing with and across 
the grain. Combination blades 
produce a rough cut. 

Hollow-ground planer blades 
provide a smoother (though 
slower) crosscut or ripping cut 
than standard crosscut or rip 
blades. Hollow-ground planer 
blades are commonly used for mi- 
tering trim members. Flat-ground 
plywood blades cut plywood and 
engineered wood panels with- 
out tearing or splintering them. 
Crosscut flooring blades make 
smooth cross-grain cuts and can 
be used as a rip or cutoff blade 
on extremely hard woods. Chisel- 
tooth combination blades are 
commonly used to cut tempered 
laminates, exterior plywood, and 
other materials that dull blades 
rapidly. With any type of blade, 
a larger number of teeth per inch 
produces a cleaner cut. 

Many types of circular saw 
blades have carbide-tips. Car- 
bide-tipped blades have tungsten- 
carbide tips brazed to the teeth, 
and are effective for cutting hard 
materials. Carbide-tipped blades 
remain sharp longer than con- 
ventional blades. A major disad- 
vantage of carbide-tipped blades, 
however, is the expense of repair 
ifthe tips are broken off by nails or 
other metals embedded in wood. 
Before cutting with a carbide- 
tipped blade, always check the 
material being cut for any material 
that could damage the tips. 

Abrasive blades cut a variety of 
masonry materials and metals. 
Silicon carbide abrasive blades 
cut concrete, marble, granite, 
glazed and ceramic tile, slate, 
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Milwaukee Electric Tool Corp. 
Figure 14-4. Side-drive and worm-drive circular saws are frequently used in construction 
work. 
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Figure 14-5. Blade diameter affects the maximum depth of cut. When the blade angle is 
set to 45°, the depth of cut is decreased. 
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Figure 14-6. Different blades are used with a circular saw for different operations. 


and terrazzo. Aluminum oxide 
abrasive blades cut metals such as 
stainless steel, aluminum, bronze, 
and brass. 

Other blades are available for 
making rabbet and dado cuts, 
for cutting fabrics (such as carpet) 
and rubber, and for cutting glass, 
asbestos, and cement. Blades with 
abrasive grit make it possible to 
saw and sand in one operation. 


Circular Saw Operation 

When cutting a piece of material 
with a circular saw, set the blade 
so the blade gullets clear the wood. 
The depth of the cut is adjusted by 
raising or lowering the blade in 
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relation to the saw base. The blade 
is locked into place with a lever or 
knob. When adjusting the blade 
to cut at an angle, loosen the bevel- 
adjustment knob, or tilt knob or 
lever, to tilt the base to the desired 
angle of the cut. See Figure 14-7. 
The knob or lever is then retight- 
ened. 

When beginning any cut, hold 
the blade slightly back from the 
material. Start the saw and let the 
blade attain full speed before push- 
ing the saw ahead. The retractable 
(telescoping) guard pushes back as 
the blade advances into the mate- 
rial. If the guard becomes stuck 
when cutting material at an angle, 


pull the guard up with the guard- 
lifting handle. 


Milwoukee Electric Tool Corp. 
Figure 14-7. When cutting a compound 
angle with a circular saw, set the depth of 
the blade slightly more than the thickness 
of the material. 


When cutting freehand along 
a straight line, follow the guide 
slot on the tool or watch the 
blade. Many carpenters prefer 
to watch the blade instead of fol- 
lowing the guide slot since guide 
slots may not be accurate. 

When crosscutting long pieces, 
support the material with saw- 
horses. See Figure 14-8. Posi- 
tion the material with the waste 
piece overhanging the sawhorse. 
Do not make cuts between saw- 
horses; this causes the saw to 
bind and kick back. 


— | 


Milwoukee Electric Tool Corp. 
Figure 14-8. When crosscutting long 
boards supported by sawhorses, do not 
cut between the sawhorses. Instead, make 
a cut past the end of a sawhorse. 


Plywood panels are supported 
by sawhorses or by other panels. 
When using sawhorses to support 
plywood panels, some carpenters 


place 2" boards beneath the pan- 


els to prevent the cut pieces from 
dropping down and binding the 
saw. When using other panels for 
support, position the panel to be 
cut with the waste piece overhang- 
ing the supporting panels. See 
Figure 14-9. 


Milwaukee Electric Tool Corp. 
Figure 14-9. Position the panel to be cut 
with the waste piece overhanging the 
supporting panels. 


Most circular saws can accom- 
modate a fence attachment to 
make an accurate narrow rip cut. 
In Figure 14-10, a fence attach- 
ment is used to guide a circular 
saw along the bottom of a door 
when trimming it to size. To 
make an accurate cut for a wider 
piece, tack down a straightedge 
as shown in Figure 14-11. 


Lay out the desired measurement 
along both edges. 


Measure distance X from saw 
blade to edge of base. 


Figure 14-10. An adjustable fence 
attachment aids in making a narrow rip 
cut with a circular saw. 


Circular Saw Safety 


More serious job site work-re- 
lated injuries occur from the use 
of a circular saw than from any 
other portable power tool. Many 
accidents are due to carelessness 
or tool malfunction. One of the 
biggest causes of circular saw 
injuries is the retractable guard 
failing to snap back into posi- 
tion after the cut is completed. 
The guard may also jam due to 
a wood chip lodging between 
the saw guard and blade. Inten- 
tionally wedging the guard is a 


. highly dangerous practice and 


should not be done under any 
circumstances. 

Many safety features are in- 
tegrated into circular saws to 
ensure carpenter safety when the 
tool is used properly. Circular 
saws are equipped with blade 
guards above and below the 
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Figure 14-11. A straightedge aids in making a straight cut across a panel. 


SET BACK X 
DISTANCE 


Measure back distance X from first mark 
placed on panel. Tack down straightedge. 


Hold edge of saw base firmly against 
straightedge and make cut. 


o 


base. The upper guard is sta- 
tionary and must cover the saw 
to the depth of the teeth. The 
lower guard covers the saw to 
the depth of the teeth and must 
automatically and instantly 
return to the covering position 
when the saw is retracted from 
the work. Never wedge the 
guard of a circular saw for any 
reason! Regulations regarding 
the proper guarding and opera- 
tion of circular saws is located 
in OSHA 29 CFR 1926.304, 
Woodworking Tools. 

Circular saws are equipped 
with a constant pressure switch 
or control that shuts offthe power 
when the pressure is released. A 
circular saw must be properly 
grounded or double-insulated to 
ensure carpenter safety. Safety 
rules to observe when using a cir- 
cular saw include the following: 


* Wear appropriate eye pro- 
tection such as safety glass- 
es or goggles. 

* Verify the retractable guard 
is operational before using 
a circular saw. 

* Wait until the blade stops 
rotating before removing 
the saw from the material 
after completing a cut. 

e Stand to one side of a cir- 
cular saw in case of kick- 
backs. See Figure 14-12. 
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Milwaukee Electric Tool Corp. 


Figure 14-12. Stand to one side of a 
circular saw during use. 


* Always disconnect the elec- 
trical plug before changing 
blades or making adjust- 
ments. 

* Remove all damaged or 
cracked saw blades from 
service. 


RECIPROCATING SAWS 


A reciprocating saw is a multi- 
purpose cutting tool in which 
the blade reciprocates (quickly 
moves back and forth) to create 
the cutting action. A reciprocat- 
ing saw is particularly useful for 
remodeling work where sections 
of framing members, sheathing, 
or inside wall covering must be 
cut out. See Figure 14-13. 


Milwoukee Electric Tool Corp. 


Figure 14-13. A reciprocating saw is 
used for a variety of applications such as 
cutting a door jamb or notching a stud. 
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Many different blades are avail- 
able for cutting different materials 
and for various types of cutting 
operations. Shapes of some of 
the more common blades are 
shown in Figure 14-14. In gen- 
eral, the more teeth per inch, the 
smoother the cut. Fewer teeth 
per inch result in a rougher, but 
quicker cut. 
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Figure 14-14. Different blades are used 
with a reciprocating saw to cut different 
materials. 


JIGSAWS 


A jigsaw, or saber saw, is a 
portable power saw used to cut 
thin wood and nonwood prod- 
ucts. See Figure 14-15. The nar- 
row blade of a jigsaw extends 
from the base and cuts with an 
orbital (circular) movement. 
The blade cuts on the upstroke 
and moves slightly away from 
the material on the downstroke. 
See Figure 14-16. 
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DeWALT Industrial Tool Co. 
Figure 14-15. A jigsaw is used to saw 
along curved lines and to cut circular and 
rectangular openings. 
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Figure 14-16. The jigsaw cuts with an 
orbital movement. The blade cuts on the 
upstroke and moves slightly away from 
the material on the downstroke. 


The saber saw is used to cut a 
variety of thinner materials, and 
is well-suited for sawing along 
curved lines and for cutting cir- 
cular and rectangular openings. 
Blades are available for cutting 
wood and metals and range in pur- 
pose from cutting nails in wood to 
plastic laminates. Some blades cut 
on the upstroke and downstroke. 


"| A reciprocating saw or jigsaw = > 

| -blade should not be in contact 
with the material being cut when 

the saw is started. — 


Reciprocating and Jigsaw 
Safety 


Regulations regarding the proper 
guarding and operation of recip- 
rocating and jigsaws is located 
in OSHA 29 CFR 1926.304, 
Woodworking Tools. Recip- 
rocating saws and jigsaws are 
equipped with a positive ON- 
OFF control, a constant pressure 
switch similar to a circular saw, 
or a variable-speed switch. Safe- 
ty rules to observe when using 
reciprocating saws or jigsaws 
include the following: 


* Do not reach under the ma- 
terial being cut. 

* After completing a cut, wait 
until the motor stops before 
removing the saw from the 
material. 

* Always disconnect the electri- 
cal plug before changing blades 
or making adjustments. 

* Remove all damaged saw 
blades from service. 


CUTOUT SAWS 


A cutout saw, or spiral-cut saw, 
uses a 1⁄8” or V4" bit to cut through 
wood and nonwood materials 
up to 1” thick. See Figure 14-17. 
While especially useful for cut- 
ting openings in gypsum board, 
a cutout saw can also be used to 
cut laminate countertop sink cut- 
outs, cement and backer board, 
and other materials. The tip of 
the bit is slowly plunged into 
the material until the base rests 
against the surface. The bit is then 
guided either freehand or against a 
surface such as the interior edges 
of a receptacle box. 


Cutout Saw Safety 
Basic safety rules to observe 
when using a cutout saw in- 
clude the following: 
* Ensure the work surface 
is free from nails or other 
foreign objects. 


* Always hold a cutout saw 
with two hands during 
startup. 


porter able Corp. 
Figure 14-17. A cutout saw uses a spiral 
bitto cut openings in wood and nonwood 
materials such as an opening in gypsum 
board for a receptacle box. 

* Hold a cutout saw by the 
insulated gripping surface 
when performing an op- 
eration where the cutting 
tool may contact obscured 
electrical wiring. 

Ensure the tool is turned 
OFF before plugging it into 
an electrical receptacle. 
Ensure the material being 
cut is either clamped or se- 
curely fastened in order to 
allow you to operate the cut- 
out saw with two hands. 
Allow the motor to come 
to a complete stop before 
laying the tool down. 

Do not start a cutout saw 
when the bit is in contact 
with the material to be cut. 
* Never use dull or damaged 

bits. 


CHAIN SAWS 


A chain saw is used to cut heavy 
timbers and pilings and is useful 
equipment on demolition projects. 
See Figure 14-18. Chain saws are 
electrically or gasoline powered. 
Gasoline-powered chain saws are 
typically more powerful and eas- 
ily used in remote locations. 


Chain Saw Safety 


Gasoline, a highly flammable 
substance, requires special care 
on a job site to ensure the safety 
of carpenters and other workers. 
Use only gasoline from properly 
labeled storage containers and 


use care not to overfill the chain 
saw tank. ANSI B175.1, Safety 
Requirements for Gasoline Pow- 
ered Chain Saws and UL 1662, 
Electric Chain Saws, provide 
additional information regarding 
the safe use of gasoline-powered 
and electric chain saws, respec- 
tively. Basic safety rules to observe 
when using a chain saw include 
the following: 

* Grip the handle bar when 
transporting a chain saw. 

* Carry a chain saw with the 
guide bar and chain point- 
ing behind you. 

* Donottransport a chain saw 
with the engine running. 
Do not add gasoline to 
a gasoline-powered saw 
when the engine is hot. Af- 
ter pouring gasoline into the 
tank, wipe off any spilled 
fuel before starting the en- 
gine. Do not start a chain 
saw in the area where it was 
refueled. 

* Do not smoke while refu- 
eling a gasoline-operated 
chain saw. 

Wear gloves when checking 
the saw chain for tension 
or when oiling the chain 
before or after use. Do not 
touch the cutters with your 
fingers or bare hands. 
Ensure the chain brake 
functions properly. 

Wear appropriate equip- 
ment when operating a 
chain saw. Legs may be pro- 
tected using Kevlar? chaps 
Or pants. 
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Figure 14-18. A chain saw is used to cut 
heavy timbers and pilings. 
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adial arm saws, table 
saws, miter saws, and 
frame-and-trim saws are 
stationary power saws usually 


furnished by the contractor. 


Radial arm saws are most of- 


ten used on medium to large . 


construction projects where 
a large-volume cutting opera- 
tion is required. Table saws are 
convenient for ripping stock 
to width. Miter saws are com- 
monly used for cutting trim 
members in finish work. 
Guarding and other safety 
requirements are detailed in 
OSHA 29 CFR 1926.304, Wood- 
working Tools, and ANSI 01.1, 


Safety Requirements for Wood- ' 


working Machinery. 


The radial arm saw was invented 
in the early 1900s by Raymond E. 
DeWalt, the production manager 
for a woodworking mill. DeWalt 
designed a yoke and attached it 
fo a motor and saw, which was 
then mounted on an overhead 
arm. The saw could be raised, 


lowered, slid back and forth, and 
moved or tilted to any angle. 
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RADIAL ARM SAWS 


A radial arm saw, or cutoff saw, 
is typically used to crosscut 
lumber to length, but can also 
be set up for ripping and angled 
cuts. See Figure 15-1. On major 
construction projects where con- 
tinuous use of a radial arm saw 
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may be required, one carpenter 
(saw-person) is often assigned to 
operate the saw. See Figure 15-2. 
A radial arm saw is placed in a 
convenient location on the job, 
and an extension table is con- 
structed on both sides to support 
long pieces of material. 
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Figure 15-1. A radial arm saw is used to crosscut, rip, and make angled cuts on 


lumber. 


The size of a radial arm saw is 
determined by the largest blade 
it will accommodate. Blades 
range from 8" to 20" in diameter. 
The 14" and 16" diameter blades 
are recommended for heavy- 
duty construction work. Many 
types of blades are available for 
different cutting operations. See 
Figure 15-3. 


Radial Arm Saw Safety 


Radial arm saws are equipped 
with upper and lower blade 
guards which protect the opera- 
tor from the rotating saw blade 
and from flying debris gener- 
ated by the cutting operation. 
The guards should be checked 
regularly for breakage or other 
defects. The upper blade guard 
should completely enclose the 
upper portion ofthe blade (down 
to the saw arbor). The lower blade 
guard automatically adjusts itself 
to the thickness of the stock and 
remains in contact with stock 
being cut to give maximum pro- 
tection possible for the operation 
being performed. 


Radial Arm Saw Blades l 
Figure 15-3 > — — — 
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Figure 15-3. Different blades are used 
with a radial arm saw for different 
operations. 
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my The arm track on a radial arm 


Due to the rotation of the 
blade, radial arm saws have a 
tendency to “crawl” forward 
(away from the fence) when the 
power is on but material is not 
being cut. Crawl can usually 
be prevented if the saw table 
is slightly tilted back when the 
unit is set up. Be certain that 
a spring-loaded return device 
is operational when using a 
radial arm saw to ensure that 
the blade returns to the original 
position. 

Radial arm saw safety rules to 
observe include the following: 

e Wear appropriate eye 
protection. 

e Inspect a radial arm saw 
daily before each use. 

e Firmly grasp the yoke han- 
dle when pulling the saw 
blade through material. 
When making crosscuts, 
keep the hand holding the 
material at least 8" away 
from the blade. 

e Prior to making a cut and 
before turning on the saw, 
clear away scraps or other 
debris in the work area us- 
ing a brush or scrap stick. 

e Antikickback fingers must be 
installed on both sides of a 
blade for ripping operations. 

e When ripping, push the mate- 
rial through the blade as it ro- 
tates toward the operator. Use 
a push stick when ripping. 

e Do not force the saw through 
the material faster than the 
proper saw cutting speed. 


"| saw pivots on the overarm to 
position the blade parallel to the 
fence for ripping operations. 
When the arm track is in the 
proper position, the track locking 
lever must be locked to secure the 
arm track position. The only part 
of a radial arm saw that can be 
allowed to move during a cutting 
operation is the arm track. 


TABLE SAWS 


A table saw is used for straight 
sawing, and is of great value in 
interior finish work such as cut- 
ting paneling and trim materials. 
A miter gauge is used to guide a 
piece of material for crosscutting 
operations. See Figure 15-4. A rip 
fence is mounted on a table saw 
for ripping operations. Freehand 
cutting is highly dangerous and is 
not permitted on table saws. 

The portion ofthe blade below 
the table is protected by the 
saw housing. The portion of the 
blade above the table is protect- 
ed with a self-adjusting guard, 
which adjusts to the thickness 
of material being cut. 

A dado head is used to cut a 
dado or rabbet. See Figure 15-5. 
Multipiece dado heads consist of 
saw blades on the outside with 
chippers between them. Chip- 
pers are inserted or removed 
to adjust the cut width. Paper 
inserts are used to make fine 
adjustments. Single-piece dado 
heads are also available. 


Table Saw Safety 

Hand injuries are typically asso- 
ciated with table saw accidents. 
A hand may slip as material is 
being fed into the saw or if an 
operator is holding the stock too 


MITER GAUGE ADJUSTS FROM 90° 
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CROSSCUTTING OPERATIONS 


close to the blade while cutting. 

In addition, kickbacks may oc- 

cur if material becomes jammed 

between the blade and fence or 
guard. When a kickback occurs, 
the material is ejected toward the 
operator at a high rate of speed. 

Table saw safety rules to observe 

include the following: 

e Wear appropriate eye pro- 
tection. 

e When performing a ripping 
operation, always have a 
push stick available to use. 

e Use a rip fence for ripping 

operations or a miter gauge 

for crosscutting operations. 

See Figure 15-6. 

Clear the work area around 

the saw of wood scraps. 

e Set the saw blade height so 

the blade protrudes no more 

than %” to 4” above the stock 
being cut. 

Allow the blade to reach full 

speed before starting a cut. 

* Do not reach over the saw 
blade when it is running. 

e Use an extension bench 
when ripping long stock. 
If an extension bench is 
not available, have another 
worker assist in supporting 
the end of the material. 

e Ensure that all belts are prop- 
erly guarded. 
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Figure 15-5. Dado and rabbet cuts are 
made using a dado head. A multipiece 
set consists of two hollow-ground blades 
and chippers. 


T-SLOT PROVIDES MITER 
GAUGE TRAVEL 


RIP FENCE USED FOR 
RIPPING OPERATIONS 


CLAMP HANDLE LOCKS 
FENCE IN POSITION 


BLADE HEIGHT HANDWHEEL RAISES 
AND LOWERS SAW BLADE 


Delta Machinery 


Figure 15-4. A table saw is used to make straight and angle cuts in paneling and other finish materials. 
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Using a Table Saw 
Figure 15-6 — hanis 


- 


RIPPING 
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Figure 15-6. A guide such as a rip fence 
or miter gauge must be used when cutting 
stock on a table saw. 


MITER SAWS 


A miter saw is primarily used 
for finish work such as cutting 
90? and 45? angles commonly 
used for molding. See Figure 
15-7. Depending on the type of 
blade installed, a miter saw can 
be used for cutting wood, com- 
position materials, plastic, and 
lightweight aluminum. 

For many miter saws, the blade 
remains in a vertical position, 
but can be rotated to the left 
and right up to approximately 
50? angles, with positive stops 
at 0°, 15°, 22.5°, 30°, and 45°. A 
compound miter saw provides 
the capability of rotating up to 
approximately 50° angles and 
also allows the blade to be angled 
up to 45°. Some compound miter 
saws are equipped with guide 
tubes, allowing cuts to be made 
to wider stock. See Figure 15-8. 

A miter saw is typically 
mounted on a stand or a couple 
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DeWALT Industriol Tool Co. 
Figure 15-8. Wider trim can be cut with a 
compound initer saw. 


of sawhorses at a convenient 
height. See Figure 15-9. Most 
miter saws are lightweight (less 
than 50 lb) and can be eas- 
ily moved around the job site. 
Miter saw safety rules to observe 
include the following: 
e Wear appropriate eye and 
hearing protection. 
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Delto Machinery 
Figure 15-9. A lightweight and sturdy 
stand is commonly used as a base for a 
power miter saw on a job site. 


* Attach a miter saw firmly to 
a workbench or other rigid 
frame at waist height. For 
job sites, securely mount 
the miter saw on a thick 
piece of plywood. 

* Keepone hand on the trigger 
switch and handle and use 
the other hand to hold the 
stock against the fence. 

* Keep hands out ofthe blade 
path. 

* Remove the adjusting 
keys and wrenches before 
operation. 
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* Ensure that the blade and 
collars are clean and secure. 
Recessed sides of collars 
should be placed against 
the blade. 

e Allow the motor to reach full 
speed before starting a cut. 

* Clear the work area around 
the saw of wood scraps. 

* Ensure the switch is in the 
OFF position before plug- 
ging in the miter saw. 
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FRAME-AND-TRIM SAWS 


A frame-and-trim saw combines 
many of the features of a radial 
arm saw and a miter saw. A 
frame-and-trim saw can perform 


crosscuts, miters, and beveled 
cuts on stock up to 2" thick and 
12" wide, but it can not be used 
for ripping. 

A. frame-and-trim saw is a 
valuable tool on remodeling jobs 
and limited framing operations 
since it is easily moved and set 
up. The saw folds to a compact 
traveling and storage size of ap- 
proximately 22" deep, 32" wide, 
and 50" long. 
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or most applications, por- 

table power drills have re- 

placed hand tools for drill- 
ing holes since power drills are 
faster and more accurate. Power 
drills with variable-speed con- 
trols and adjustable-torque 
chucks can also be used as pow- 
er screwdrivers. Specialized 
power screwdrivers that have 
greatly increased the efficiency 
of many fastening operations 
are also available. 


PORTABLE POWER DRILLS 


Portable power drills are either 
cordless (battery-operated) or 
corded (AC-powered) and are 
available in D-handle or pis- 
tol-grip handle designs. See 
Figure 16-1. Cordless drills 
receive their power from a re- 
movable battery, which is com- 
monly located in the handle. 
Batteries must be recharged 
at intervals which depend on 
the amount and type of usage. 
Cordless drills can be used for 
most of the same operations 
as corded drills. However, 
cordless drills are most effec- 
tive for low-torque operations 
such as drilling thinner wood 
and driving narrower screws. 
Corded drills are attached to 
an AC power source through an 
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electrical cord, which is plugged 
into an electrical outlet, exten- 
sion cord, or generator outlet. 
Corded drills are popular for 
high-torque operations such as 
drilling into concrete or drilling 
large holes in lumber. 


» Keep good balance and proper = 
* footing at.all times when using a 


portable power drill to maintain 
good control of the tool, 
„especially in unexpected sitvations:- 
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Figure 16-1. Power drills are available in a variety of sizes and grip configurations 
and for a variety of power sources. Select the appropriate tool for the operation being 
performed. 


Power drill sizes range from 
V4" to 114", and are based on the 
diameter of the largest bit shank 
that fits into the chuck of the 
drill. Power drill sizes most often 
used by construction carpenters 
are the 14", 36", and %” models. 

A D-handle, or spade, design 
is used for heavy-duty opera- 
tions, including demolition. A 
pistol-grip design is commonly 
used for lighter drilling op- 
erations. D-handle models are 
typically available in %” or 14” 
chuck sizes; pistol-grip models 
in 1⁄4” or ¥%” chuck sizes. 


Variable-Speed Drills 


Drill speed is controlled by pres- 
sure on the trigger switch of a 
variable-speed drill. As a result, a 
variable-speed drill can effective- 
ly be used on different materials. 
Slow drill speeds are more effec- 
tive with harder materials such 
as steel. Faster drill speeds work 
better with softer materials such 
as wood. Some variable-speed 
drills have a reversing switch that 
is useful for withdrawing screws 
when a screwdriver attachment 
is used with the drill. 


on muscles an 
ddition, 


Bits 

The cutting devices that fit into the 
jaws of a power drill are referred to 
as bits or drills. The most frequent- 
ly used bit for drilling small holes 
is the twist drill. Twist drills may 
have a straight shank or a reduced 
shank. See Figure 16-2. Straight- 
shank bits are available in %4” to 
Y£" diameters. Reduced-shank bits 
are available in diameters up to 
1%”. The reduced shank allows a 
bit that is larger in diameter than 
the drill capacity to fit a chuck. For 
example, a 4” diameter bit will fit 


a ¥4” diameter chuck if the drill has 
a V4" diameter reduced shank. 


Figure 16-2 
s FLUTES 
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Milwoukee Electric Tool Corp. 
Figure 16-2. Bit shanks are straight or 
reduced in diameter. Reduced-shank bits 
allow a bit that is larger in diameter than 
the drill capacity to fit a chuck. 


Various other types of bits are 
also used for boring into wood, 
metal, plastics, masonry, and 
other materials. See Figure 16-3. 
A feeler bit is used to bore deep 
holes in wood, and is available 
in ?4e" to 28" diameters and 12”, 
18”, and 24” lengths. 

The ship auger bit is also used 
to bore deep holes in wood. Ship 
auger bits with screwpoints are 
used most often in construction. 
Ship auger bits are available in 
%6” to 1” diameters and 12”, 18”, 
and 24” lengths. Ship auger bits 
without screwpoints are designed 
especially for end-grain boring. 
Since there is no screwpoint and 
the heel is backed off, this type of 
auger has less tendency to drift 
in the same direction as the grain 
of the wood. If a ship auger bit 
without a screwpoint is used, 
it is necessary to start the hole 
with a ship auger bit that has a 
screwpoint. 

A carbide-tipped masonry bit 
is used to bore holes in concrete, 
plaster, slate, stone, brick, and 
other types of masonry. Masonry 
bits are available in 4%” to 114" 
diameters. Wear proper personal 
protective equipment, including 
appropriate respiratory protection, 
when drilling concrete, brick, and 
other masonry products. 


Figure 16-3 
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Figure 16-3. A variety of bits, including 
twist drills, masonry bits, and hole saws, 
are commonly used to bore holes in wood 
and nonwood materials. 


A spade bit, or flat bit, is used 
to bore holes in wood, plastic, 
and composition materials. 
Spade bits are available in V" to 
1%” diameters. 
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A forstner bit is used to bore 
flat-bottom holes in wood. Un- 
like other drill bits that are 
guided through the workpiece 
by a central point, the outside 
rim of the bit primarily guides 
forstner bits. Forstner bits are 
commonly used to drill pocket 
holes for furniture construction 
and to drill overlapping holes. 
Forstner bits range in size from 
V2" to over 3" in diameter. 

Hole saws are used to cut larger 
holes than can be cut with bits. A 
pilot twist drill at the center ofa 
hole saw is used as a guide when 
starting the hole saw. The teeth of 
a hole saw may be carbide-tipped. 
Hole saws are used to cut wood, 
fiberglass, fiberboard, ceramic, 
tile, and soft metals, and are avail- 
able in %6” to 6" diameters. 

An adjustable countersink cut- 
ter is slipped over a twist drill 
and held in place with a socket 
setscrew. The countersink cutter, 
available in 1%” to % diameters, 
has cutting edges beveled 82° 
to match the taper of a flathead 
screw so it will be flush with the 
wood surface when installed. An 
adjustable counterbore cutter, 
available in 34e" to % diameters, 
cuts flat-bottomed holes for 
screws that must be set below 
the surface of the wood. 


Hammer-Drills and 
Rotary Hammers 


Hammer-drills and rotary ham- 
mers rotate and drive simulta- 
neously, causing the bit to spin 
and hammer at the same time. A 
hammer-drillis used to drill holes 
in concrete using masonry bits 
or twist drills. See Figure 16-4. 
Hammer-drills should be used 
when drilling up to %” holes in 
concrete. A hammer-drill drills 
concrete more efficiently than 
a variable-speed drill because 
of the rotating and percussive 


" teste a — 
Pes PEE: MEE mik; emcee iem cae 
_ Inspect tools daily to ensure — 

F . EL hn 
Umi PG operating cond ition. - HT 


130 CARPENTRY 


AUXILIARY 
/ HANDLE 


DEPTH 
GUIDE 


MOTOR 
HOUSING 


PISTOL- 
GRIP 
HANDLE 


CLUTCH 
ADJUSTMENT 
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Figure 16-4. A hammer-drill is typically 
used to drill holes in concrete. Carbide- 
tipped percussion masonry bits are used 
to drill concrete. 


action, which results in faster 
and cleaner holes. Two factors 
affect the drilling rate with a 
hammer-drill—speed and pres- 
sure. Speed of bit rotation is af- 
fected by the pull of the trigger. 
The hammering action of a 
hammer-drill is affected by the 
pressure applied by an operator. 
Greater pressure results in better 
hammering action. The clutches 
of some hammer-drills can be 
disengaged so the tool can be 
used as a conventional drill. 

A rotary hammeris used to drill 
holes larger than 94" diameter in 
concrete or masonry. A heavy- 
duty rotary hammer drills holes 
in concrete up to 1%” diameter 
with solid drill bits and holes 
up to 4" diameter with core drill 
bits. Rotary hammers operate at 
a lower rpm than hammer-drills 
and should not be used to drill 
wood or metal. Rotary hammers 


Milwaukee Electric Too! Corp. 


Figure 16-5. A rotary hammer may be used 
to chip concrete with a cold chisel bit. 


require slotted drive system or 
slotted drive shank (SDS) chucks 
and bits. Pressure applied to a 
rotary hammer does not affect the 
hammering action; the weight of 
the tool properly engages the bit. 
Some models of rotary hammers 
also accommodate a cold chisel 
bit for chipping and edging con- 
crete as shown in Figure 16-5. 


IMPACT WRENCHES 


Impact wrenches are corded 
or cordless tools that apply a 
large amount of force to a small 
area, such as bolt heads, with 
little effort from the worker. 
Impact wrenches are used for a 
variety of applications includ- 
ing installing and removing an- 
chor bolt nuts, assembling metal 
building frames and panels, and 
driving lag bolts or screws. 

Impact wrenches may be fit- 
ted with various size sockets for 
installing nuts and bolts or a hex 
adapter for use with hex-shank 
auger bits or self-feeding bits. 
See Figure 16-6. Socket sizes 
range from 74" to 13⁄6” in Ye” in- 
crements. Impact wrenches used 
for carpentry typically have a %2” 
or 24" square drive shank. Some 
impact wrenches may also be 
fitted with SDS bits. 


POWER SCREWDRIVERS 


Power screwdrivers are used 
for rapid and efficient driving 
or removal of screws. Power 
screwdrivers have an adjustable 
clutch mechanism or an adjust- 
able depth control to prevent the 
overtightening and stripping of 
screws. Power screwdrivers are 
commonly used to install wall 
and ceiling materials over metal 
framing members and install gyp- 
sum board over wood studs. 
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Figure 16-6. Impact wrenches are used to 
install and remove nuts, bolts, and screws. 


A drywall screwdriver, or “screw- 
shooter,” is specifically designed 
for fastening gypsum board to wall 
studs and ceiling joists. See Figure 
16-7. A drywall screwdriver is ad- 
justable so a screw head is driven 
just below the surface of the gyp- 
sum board without cutting through 
the outside layer of paper. 


POWER DRILL, IMPACT 
WRENCH, AND SCREW- 
DRIVER SAFETY 


Power drills, impact wrenches, 
and screwdrivers use a rotational 
motion during operation. Drill and 
screwdriver bits must be handled 
carefully to ensure that injuries are 
not incurred due to cuts from the 
tips or edges. A power drill, impact 
wrench, or screwdriver should be 
allowed to come to a complete stop 
before the bit is grasped. 

Larger and more powerful 
drills require greater caution on 
the part of the operator. A large 
bit that binds in the hole may 
cause the drill handle to kick 
back, resulting in hand injuries or 
knocking the operator off balance. 


When using a large drill and bit, 
maintain a firm, well-balanced 
position and a tight grip on the 
handle of the drill. Push the drill 
bit steadily into the work and 
alternately pull back on the drill 
to clear the wood chips that may 
cause binding. Use an extension 
handle to help prevent binding, 
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| NELLE 
Figure 16-7. A drywall screwdriver is 
specifically designed for fastening gypsum 
board to support members. 
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Safety regulations for power 
drills are included in OSHA 
1910.304, Woodworking Tools. 
Power drills are equipped with 
constant-pressure switches. In 
addition, a lock-on control is 
permitted on a power drill 
provided that it can be turned 
off by a single motion of the 
fingers. Additional safety 
rules to observe when using 
power drills, impact wrench- 
es, and screwdrivers include 
the following: 


e Always wear appropriate 
personal protective equip- 
ment for the operation be- 
ing performed, including 
the proper eye and hearing 
protection. 

e Clamp small objects to a 
solid surface before drilling. 

* Keep drill bits sharp and 
properly shaped. 

* Center a drill bit in the jaws. 
Tighten the chuck securely 
before using a drill. 

* Disconnect a drill from the 
power source when insert- 
ing or removing bits. 

* Do not lock a drill in an ON 
position while drilling. 

* Ensure the switch is in the 
OFF position before con- 
necting a drill to the power 
source. 


Drywall screwdrivers are commonly used to fasten metal framing members together. 
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ortable power planes, 
routers, and sanders are 
~ usedto smooth wood sur- 
faces and prepare the surfaces for 
finishing. Portable power planes 
are typically used to replace 
work performed by bench planes 
and reduce the amount of labor 
required to produce smooth sur- 
faces and edges on stock. Rout- 
ers are used to shape the edges 
of stock and to create internal 
openings such as mortises for 
door hinges. Portable sanders 
smooth the wood surface using 
an abrasive paper or belt. 


PORTABLE POWER 
PLANES 


Portable power planes consist of 
a straight or spiral cutter driven 
by an electric motor. The spi- 
ral cutter produces the cutting 
action of a plane. The depth of 
cut of a portable power plane is 
changed with a depth-adjustment 
lever, which loosens and tightens 
the front shoe. A portable power 
plane is used for fitting doors and 
for smoothing rough surfaces on 
the sides and edges of boards. 
See Figure 17-1. 

Power plane cutters range from 
21982" to 3%” wide. Depth of cut 
can be adjusted from 2” to 
94e". An adjustable fence allows 
planing of bevels up to 45°. 
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edged materials. Block planes 
are also used for planing end 
grain, cleaning out rough rab- 
bets, and cutting bevels. 
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Figure 17-1. A portable power plane is 
used to fit doors and smooth rough sur- 
faces on the sides and edges of boards. 


A portable power plane is used to smooth wood surfaces. 


Southern Forest Products Association 


Stairways with housed stringers are generally prefabricated in a shop. Grooves in the 
stringers cut by a router accept the treads and risers, and are secured with glue and 


wedges. 


Power Plane Safety 


The sharp and exposed cutter 
poses the primary danger when 
using a portable power plane. 
When a cut is completed, turn 
off the motor but do not set the 
plane down until the cutter has 
stopped rotating. Additional 
power plane safety rules to ob- 
serve include the following: 


* Wear appropriate personal 
protective equipment includ- 
ing the proper eye protection 
and hearing protection. 

* Disconnect the plane from 

the power source before 

making adjustments to the 
cutter head or blades. 

Ensure that blade-locking 

screws are tight. 

Remove all adjustment keys 

and wrenches prior to turn- 

ing on the plane. 

Check stock thoroughly for 

nails, staples, screws, or 

other foreign objects prior to 
planing. 

Firmly secure the stock in a 

comfortable position. 

* Keep both hands on the power 
plane during operation. 
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ROUTERS 


A router is used for on-the-job 
mortising and shaping opera- 
tions, such as mortising door 
hinges or rounding the edges of a 
countertop. See Figure 17-2. 

Depending on the operation be- 
ing performed or the edge shape 
desired, different types and 
shapes of bits are available. The 
bits are inserted into the chuck 
of a router and secured into po- 
sition. Router bits and the types 
of cuts they produce are shown 
in Figure 17-3. 

A laminate trimmer is a spe- 
cialized type of router. See Fig- 
ure 17-4. Laminate trimmers are 
used to trim and shape the edges 
of plastic laminate countertops. 
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Router Safety 


The sharp and exposed bit poses 
the primary danger when using 
a router or laminate trimmer. 
When a cut is completed, turn 
off the motor and wait until the 
bit stops rotating before remov- 
ing the tool from the work. Be- 
tween operations, lay the router 
on its side so as not to damage or 
dull the bit. Always disconnect 
the plug from the power source 
when inserting router bits and 
making depth adjustments. Ad- 
ditional router safety rules to ob- 
serve include the following: 


* Always wear appropriate 
personal protective equip- 
ment including the proper 
eye protection and hearing 
protection. 

Ensure the router bit is se- 

curely mounted in the chuck 

and the base is tight. 

* Properly secure stock with a 
clamp or in a vise. 

* Check stock thoroughly for 
nails, staples, screws, or 
other foreign objects prior to 
cutting. 

* Keep electrical cords clear of 

cutting area. 

Keep both hands on router 

handles until the motor 

has stopped and the bit has 
stopped turning. 

* Do not overreach; maintain 
proper footing and balance. 


DeWALT Industrial Tool Co. 


Figure 17-2. Routers are used for mortising and shaping operations. 


Unit 17 Portable Power Planes, Routers, and Sanders 133 


* The sound of a router mo- pushed too hard into the 


tor can indicate safe cutting stock, the motor makes a A 
speeds. When a router is fed low-pitched sound. 

into material too slowly, the * When making deep cuts, 
motor makes a high-pitched make two or more passes to 


sound. When the router is prevent kickback. 
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Figure 17-3. Router bits are inserted into a router chuck to make different cuts. 
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Figure 17-4. Laminate trimmers are 
used to trim and shape the edges of 
countertops. 


PORTABLE POWER 
SANDERS 


In general, finish materials de- 
livered to a job site require little 
sanding. However, on occasion 
the surfaces of materials are 
scratched or damaged while being 
transported and require sanding 
prior to finishing. Slash grain, 
a condition in which the grain 
changes direction, may occur on 
a door edge, where it prevents a 
smooth finish after the door has 
been planed. Portable power 
sanders, including belt and finish 
sanders, are used during the final 
trim stages of construction. 


Belt Sanders 


A belt sander uses a rotat- 
ing abrasive belt to produce a 
smooth finish. See Figure 17-5. 


Abrasive belts are 3" or 4" wide, 
and range in length from 21" to 
27". Various grades of abrasives 
are available, which are selected 
according to the material being 
sanded and the amount of mate- 
rial to be removed. 
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Figure 17-5. A belt sander should be used 
with care to avoid gouging the wood. 


A belt sander should be used 
with care since careless handling 
and operation can easily gouge a 
wood surface. When a belt sand- 
er is brought into contact with a 
wood surface, it should remain 
moving to avoid sanding a groove 
in the surface. Keep hands on the 
belt sander handles and away 
from the rotating belt. 


Finish Sanders 


A finish sander is used for light- 
er and finer sanding than a belt 
sander. Three types of finish 


| Figure 17-6 pene 


MOTOR 


sanders are available—orbital, 
random orbital, and detail. See 
Figure 17-6. An orbital sander 
operates with an orbital (circular) 
motion. A random orbital sander 
has oscillating (back-and-forth) 
and orbital movements. Detail 
sanders operate with an orbital 
motion. 


Abrasives 


Abrasive belts, sheets, and pads 
used with portable power sand- 
ers are made of four different 
materials—flint, garnet, silicon 
carbide, and aluminum oxide. 
Flint and garnet are natural min- 
erals, which are crushed into 
fine particles. Silicon carbide and 
aluminum oxide are synthetic 
materials that provide excellent 
service and are recommended 
for most power sanding opera- 
tions. 

Abrasives are divided into fine, 
medium, and coarse grades. The 
grades are further divided into 
various grit numbers, which 
are stamped on the back of an 
abrasive belt, sheet, or pad. A 
chart of grit numbers is shown 
in Figure 17-7. Grit refers to the 
number of abrasive particles per 
square inch. The lower the grit 
number, the larger the grit, and 
the rougher the abrasive paper. 
The higher the grit number, the 
smaller the grit, and the smoother 
the abrasive paper. 
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Figure 17-6. Finish sanders are used for lighter and finer sanding than belt sanders. 
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Figure 17-7. Grit numbers, typically 
stamped on the back of the belts, sheets, 
or pads, indicate the coarseness of the 
abrasive grits. 
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Power Sander Safety 


Hand and arm abrasions are the 
primary type of injury that oc- 
curs with power sanders. When 
using belt sanders, injuries may 
occur if fingers become pinched 
between the abrasive belt and 
housing. Use two hands when 
Operating a sander — one on 
the trigger switch and the other 
on the front handle knob. Ad- 
ditional power sanding safety 
rules to observe include the 
following: 


* Wear appropriate personal 
protective equipment in- 
cluding the proper eye, 
hearing, and respiratory 
protection. 

Lift the sander away from 
the work before turning off 
the motor. Wait until the 
movement has completely 
stopped before setting down 
the tool. 

Keep the electrical cord 
away from the area being 
sanded. 

Ensure the sander is turned 
off before connecting the 
cord to the power source. 


* Disconnect the power source 
before changing a sanding 
belt, making adjustments, or 
emptying the dust bag. 

* Replace sanding belts that 
are worn or frayed. 

* Do not use a sander with- 
out an exhaust system or a 
dust bag present that is in 
good working condition. 
Dust created when sanding 
can be a fire and explosion 
hazard and proper ventila- 
tion is required. 

* Do not overreach. Always 
keep proper footing and 
balance. 

* Do not start a sander while in 
contact with a workpiece. 


WR Pneumatic and 
-ggPowder-Actuated 


tools are commonly used 
in the construction industry. 
Greater worker productivity and 
less worker fatigue result when 
pneumatic and powder-actuated 
tools are used. Pneumatic tools 
are extensively used in framing 
operations, as well as for attach- 
ing sheathing, light metals, and 
plastic materials. Powder-actu- 
ated tools are used to fasten ma- 
terials to concrete and steel. 


PNEUMATIC NAILERS AND 
STAPLERS 


Pneumatic nailers and staplers are 
used in framing and finish work, 
as well as for a variety of other 
structural applications. The basic 
component of pneumatic nail- 
ers and staplers is a piston head 
charged by air that, in turn, pushes 
a piston that drives a nail or staple. 
Figure 18-1 illustrates the opera- 
tion of a pneumatic nailer. 
Pneumatic nailers and staplers 
are designed to fire in a number 
of ways. With contact trip pneu- 
matic nailers and staplers, the 
trigger is pulled first and the tool 
fires each time the tip is pressed 
against a hard surface. Sequential 
trip pneumatic tools fire only 


neumatic nailers and sta- 
plers and powder- actuated | 


Tools 


one fastener with a single pull 
of the trigger. Pneumatic nailers 
and staplers have an integral 
safety feature that prevents the 
tool from firing unless the tip is 
pressed firmly against a surface. 


Air Compressors 


Most pneumatic tools are pow- 
ered by compressed air traveling 
through an air hose, which is 
connected to an air compressor. 
A compressor has one or more 
pistons, which pull air into the 
cylinder on the downstroke and 
push the air into the hose and 
pneumatic tool on the upstroke. 
A constant supply of compressed 
air flows through the hose and 
into the tool reservoir. The amount 
of air pressure required to oper- 
ate a pneumatic nailer or stapler 
depends on its size and the type 
of operation being performed. Air 
pressure delivered to the pneu- 
matic tool is adjusted by a regula- 
tor valve on the compressor. 

Air compressors are avail- 
able in different sizes. Large 
compressors can supply proper 
pressure for several tools at one 
time. Portable, lightweight air 
compressors, however, are more 
practical for many construction 
jobs. See Figure 18-2. Most large 
air compressors are gasoline- 
powered. Smaller, portable air 


compressors are often powered 
by electricity. 


Pneumatic Nailers 


Most pneumatic tool manufac- 
turers produce an assortment of 
nailers. Framing and brad and 
finish nailers are most commonly 
used by carpenters. Specialized 
pneumatic nailers are also avail- 
able for fastening roofing materi- 
als, insulation, and house wrap. 


Framing Nailers. As their name 
implies, framing nailers are 
used for framing operations, 
including nailing studs to top 
and bottom plates and nailing 
joists and rafters to top plates. 
Framing nailers are also used to 
fasten sheathing and subfloor to 
framing members. In addition, 
framing nailers may be used 
to fasten metal connectors to 
framing members. However, the 
framing nailer must be equipped 
with a hole-locating mechanism 
for use with metal connectors, 
or be especially designed for 
fastening metal connectors. 
Framing nailers are available 
in various power capacities and 
drive a wide range of sizes and 
types ofnails. A large framing nail- 
er can drive a 16d (31⁄2) nail into 
a piece of oak. Special hardened 
steel nails can be used to fasten 
wood plates to a concrete slab. 
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Figure 18-1 
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Figure 18-2. An air compressor provides 
the power for pneumatic tools. The 
portable compressor shown here can 
accommodate two nailers at one time. 
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Pneumatic Nailer Operation 


PISTON 


© Valve plunger exerts 
pressure on piston 
head to drive piston. 


Air pressure for a pneumatic 
framing nailer should be adjusted 
so that nail heads are driven flush 
with or slightly below the material 
surface. A nail may drive too deep- 
ly into the wood if the air pressure 
is too high, resulting in decreased 
holding power of the nail. 

Nails are fed into the chamber 
of a pneumatic nailer using a 
straight strip or coil. See Figure 
18-3. The magazine of a strip- 
fed nailer may be horizontal to 
the work or slanted. A slanted 
magazine offers an advantage 
when nailing in tight spaces. 

The nails used in framing nail- 
ers are identified as round-head 
(full head) and clipped-head. 
Round-head nails have conven- 
tional circular heads and are 


PISTON 
HEAD 


VALVE PLUNGER 


PLASTIC 
TUBE 


FROM 
COMPRESSOR 


6 Nail strip feeds next 
nail into chamber. 


commonly used in the southern 
United States and areas prone 
to hurricanes and other severe 
weather conditions. Clipped- 
head nails are flat on one side 
and round on the other, and are 
commonly used in areas with 
milder climates. The main ad- 
vantage of clipped-head nails is 
that more nails are in a nailing 
strip, allowing for fewer reloads 
of the magazine. 
Pneumatically driven nails 
have greater holding power than 
hammer-driven nails. Most types 
of nails used in pneumatic nailers 
are held together in the magazine 
or coil by a resin-adhesive coating 
on the shaft of each nail. Friction 
created when driving a nail pro- 
duces heat to melt the resin. The 


resin lubricates the nail, helping 
the nail to penetrate the wood 
more easily. The resin returns 
to a solid state within seconds 
after penetration, providing ad- 
ditional holding power for the 
nails. 
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_ Figure 18-3 , mem: 


DeWALT Industríal Tool Co. 


STRIP-FED 


iz t4 


Hilti, Inc. 


Figure 18-3. Framing nailers can be 
used for most framing applications. The 
strip-fed pneumatic nailer has an angled 
magazine that can hold 65 2” to 3%” 
round-head nails. The coil nailer holds 
250 2” to 3¥4” nails. 


Palm Nailers. Palm nailers, 
or hand nailers, are compact 
pneumatic tools used to drive 
fasteners for metal connectors. 
See Figure 18-4. Palm nailers 
are capable of driving common, 
spiral-shank, and annular nails 
ranging in size from 5d to 70d. 
Nails are loaded individually 
into the palm nailer. The nail 
tip is placed through the open- 
ing of the metal connector, and 
pressure is applied against the 
framing member to trigger the 
nailer. 
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Figure 18-4. Palm nailers are used to drive 
fasteners for metal connectors. 


Finish and Brad Nailers. Finish 
and brad nailers are used to fas- 
ten interior trim materials such as 
baseboard, wall moldings, paneling, 
door and window trim, and cabinet 
assemblies. See Figure 18-5. Finish 
and brad nailers accommodate a 
variety of finish nail and brad sizes. 
Finish and brad nailers are adjust- 
able to countersink nails below 
the material surface or flush with 
the surface. 
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Figure 18-5. Finish and brad nailers are 
used to fasten trim materials such as 
door and window trim, baseboard, and 
paneling. The finish nailer shown here 
has a magazine capacity of 110 nails 
ranging in length from 98" brads to 2” 
finish nails. 


Cordless Pneumatic Nailers. 
Although the majority of pneu- 
matic nailers require an air 
compressor as a power source, 
cordless pneumatic nailers are 
also available that do not require 
a compressor. Cordless pneumatic 
nailers are powered by an inter- 
nal combustion power source, 
which includes a battery and 
replaceable fuel cell. The battery 
causes a spark to ignite a fuel and 
air mixture, which produces the 
power to drive the piston. See 
Figure 18-6. 
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Figure 18-6. A cordless pneumatic nailer is a self-contained tool containing a rechargeable 
battery and fuel cell. The nailer shown here can drive approximately 4000 nails before 
recharging its battery. The fuel cell life is approximately 2400 nails. 
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Pneumatic Staplers 


Pneumatic staplers are used for 
applications similar to pneu- 
matic nailers. Under some con- 
ditions, a staple has advantages 
over a nail as a fastener. A staple 
will not split the wood as easily 
as a nail when driven near the 
end of a board. Since a staple is 
a two-legged device covering a 
greater surface area, a staple is 
an excellent fastener for sheath- 
ing, shingles, building paper, and 
other construction materials. 

Pneumatic staplers are avail- 
able in various sizes ranging 
from models for heavier opera- 
tions such as sheathing and sub- 
floor, to light-duty models for 
trim work and cabinet assembly. 
See Figure 18-7. Pneumatic 
staplers accommodate different 
lengths of staples for fastening 
different types and thicknesses 
of materials. 


EN 


Senco Products, Inc. 


Figure 18-7. Pneumatic stapler models 
range from heavy-duty models for 
fastening sheathing and subfloor, to 
light-duty models used for trim work and 
cabinet assembly. 


Pneumatic Tool Safety 


When pneumatic nailers and 
staplers are used, the safety of 
not only the operator, but also 
other people in the immediate 
area must be considered. For ex- 
ample, before panels are fastened 
to studs or joists, ensure that no 
one is on the other side of the 
wall or below the joists. If the nail 
or staple misses the stud or joist, 
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it could go through the panel and the tip is in contact with the 

severely injure someone. Other work surface. 

essential safety precautions that * Disconnect pneumatic tools 

must be observed when using from the air supply when 

pneumatic nailers and staplers the tools are not in use. 

are as follows: Pneumatic tools should be 
* Follow proper operating equipped with a fitting that 


releases air pressure from the 


procedures as outlined in 
tools when disconnected. 


the operator manual for the 


particular tool. * When toenailing, do not 
* Wear safety glasses or a face support or back up a work- 
shield. Wood chips, con- piece with a foot or knee. 
crete, or a deflected nail can * Always keep your finger off 
cause serious eye injury. the trigger when a pneu- 


matic tool is not in use. 


Ensure that air hoses and 
connections are in good op- 


erating condition. Air hoses POWDER-ACTUATED TOOLS 
that are larger than 74" diam- ^ Powder-actuated tools, often 
eter must have a safety de- referred to as PATs or stud 


viceattheaircompressoror guns, are used to fasten build- 
branch line to stop air flow ^ ing materials or other objects 


in case of hose failure. to concrete, masonry, and steel 
e When using a portable air without predrilling holes for an- 
compressor, ensure that ex- — chors. Powder-actuated tools are 
posed belts have guards on used to fasten wood to concrete, 
both sides to reduce the pos- wood to steel, steel to concrete, 
sibility of injuries to fingers and metal connectors to steel. 
and hands. See Figure 18-8. For example, 
e Use the right nailer or sta- | Powder-actuated tools are com- 


pler for the job, and usethe monly used to fasten bottom 
correct size of nail or staple. ^ plates of wood-framed walls to 


Refer to manufacturer rec- concrete slabs and foundation 
ommendations. walls. 

* Do not lift or carry a pneu- In concrete buildings, struc- 
matic nailer orstaplerbythe tural components such as top 
air hose. and bottom plates and corner 


studs of wood interior walls 
are secured to the floors, walls, 
and ceilings with powder- 
actuated tools. Powder-actuated 
tools are also used to attach the 
top and bottom channel tracks 
for metal-framed walls and solid 
gypsum board partitions. 


* Inspect pneumatic nailers 
and staplers daily to ensure 
that the firing mechanism and 
safety features are operating 
properly. Test-fire the tool 
into a block of wood before 
using the nailer or stapler for 
the desired application. 

* Point the tip of a pneumatic 

nailer or stapler away from 

your body and other workers. 

Per OSHA 29 CFR 1926.302, 

Power-operated Hand Tools, 

pneumatic nailers and sta- 

plers that operate at more 
than 100 psi air pressure must 
` havea safety device on the tip 
to prevent the nailer or stapler 
from ejecting fasteners unless 


a E aa. “ - 
po plua dade graine in 
the proper oper on oi a " 
powder-actuated tool and have 
obtained an operator license can 
operate powder-actuated tools. 
The operator must take and ) , 
satisfactorily pass a quiz on the 


| safe operation of power-actuated 
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Figure 18-8. Powder-actuated tools are used to fasten wood to concrete, wood to steel, 


steel to concrete, or metal connectors to steel. 


Operating Principles 
Powder-actuated tools are 
similar in operating principle to 
conventional firearms. Powder- 
actuated tools operate on the 
indirect-acting principle. A 
powder charge triggered in the 
chamber of a powder-actuated 
tool produces expanding gases. 
The gases propel a piston, which 
in turn drives the fastener into 
the material being attached 
to the concrete or steel. See 
Figure 18-9. 

Powder-actuated tools are 
designed so they will not op- 
erate unless pressed against a 
work surface with a force at 
least 5 lb greater than the total 
weight of the tool. In addition, 
the tool may not operate if it 
is tilted more than 8° from 
the work surface. An integral 
safety feature does not permit 
the tool to fire until pressure 
is exerted to depress the safety 
mechanism and deactivate the 
trigger interlock. 


Types of Powder- 
Actuated Tools 
Powder-actuated tools are classi- 
fied as low-, medium-, and high- 
velocity based on ballistics tests 
of the different combinations of 
power loads and fasteners used 
for softer and harder materials. 
The average test velocity of low- 
velocity powder-actuated tools 
does not exceed 328 feet per 
second (fps), the average test ve- 
locity of medium-velocity tools 
ranges from 328 fps to 492 fps, and 
the average test velocity of high- 
velocity tools exceeds 492 fps. 


Powder-actuated tools are 
produced in a variety of styles 
and configurations. In general, 
powder-actuated tools are classified 
as single-shot, semiautomatic, and 
automatic. See Figure 18-10. Pow- 
der-actuated tools must meet the 
requirements of ANSI A10.3, Safety 
Requirements for Explosive-Actu- 
ated Fastening Systems. 


Single-Shot Powder-Actuated 
Tools. The powder load and fas- 
tener must be manually loaded 
into a single-shot powder-actu- 
ated tool each time the tool is 
discharged. Single-shot powder- 
actuated tools are adequate for 
construction projects requiring 
less frequent use ofthe tool. Most 
single-shot powder-actuated 


Figure 18-9 
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Powder-Actuated Tool O beration I 


Igniting the powder load produces 
expanding gases, which propel a 
piston to drive the fastener into 


Expanding 
gases propel 
piston. 


tools are discharged by pull- 
ing a trigger. Other single-shot 
powder-actuated tools are dis- 
charged by striking the end of 
the tool with a hammer. 


Semiautomatic Powder-Actuated 
Tools. For increased production, 
asemiautomatic powder-actuated 
tool may be used. The powder 
loads used with a semiautomatic 
tool are attached to a strip or disk 
which is inserted into the tool. 
The powder loads advance into 
firing position after the previ- 
ous load is discharged. The tool 
operator must load the fasteners 
individually for each shot. 


Automatic Powder-Actuated 
Tools. For applications where a 
large number of fasteners must be 
installed, an automatic powder- 
actuated tool is used. Automatic 
tools feature a magazine that 
holds 10 nails or fasteners. The 
powder loads are attached to a 
strip or disk which is inserted 
into the tool. The powder loads 
and fasteners automatically ad- 
vance after the previous load and 
fastener are discharged. 


a EZ 


Propelled 
piston drives 
fastener. 


Figure 18-9. Powder-actuated tools operate on the indirect-acting principle. 
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Powder-Actuated Tools = 


Figure 18- 10 
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Figure 18-10. Powder-actuated tools are classified as single-shot, semiautomatic, and automatic. Single-shot powder-actuated tools 
are adequate for applications requiring moderate use of the tool. The .22 caliber single-shot tool shown here drives .300" drive pins 
and 'A^-20 threaded studs up to 3” long. Semiautomatic powder-actuated tools are designed to increase productivity. The .27 caliber 
semiautomatic tool shown here drives .300” or 8 mm drive pins and '4/-20 threaded studs from ¥%” to 2%” long. Automatic powder- 
actuated tools include a magazine to hold the drive pins. The .27 caliber automatic tool shown here accommodates .300" or 8 mm 


drive pins in strips of 10. 


Powder Loads 


A powder load is a metal casing 
that contains a powder propel- 
lant and is crimped closed on 
the end and sealed. Powder loads 
resemble a shell casing used in 
conventional firearms. When the 
powder propellant is ignited as 
the powder-actuated tool is dis- 
charged, gases from the ignited 
powder exert pressure against 
the piston and drive it against 
the fastener. Most powder- 
actuated tools have a .22, .25, 
or .27 caliber bore diameter and 
require a load ofthe same caliber. 
Only powder loads designated 
by the manufacturer for the par- 
ticular tool should be used. 

Powder loads are available as 
individual units for single-shot 
powder-actuated tools. Powder 
loads are also available in plas- 
tic strips and metal disks for use 
with semiautomatic and auto- 
matic powder-actuated tools. 
See Figure 18-11. 

Powder loads for powder- 
actuated tools range from low 
to higher velocities, with #1 
loads being the lowest velocity 
loads and #6 loads being high 
velocity loads. Powder loads 
are also color-coded for ease of 
identification. See Figure 18-12. 
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Each color represents the aver- 
age velocity of the powder load 
needed to drive a fastener into 
a particular material (usually 
concrete or steel). 


Powder Loads 
Figure 18-11 
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Figure 18-11. Powder loads are available as single units, or are collated in groups of 
10 into plastic strips and metal disks used with semiautomatic or automatic powder- 
actuated tools. 


HIGHER _ 


Figure 18-12. Powder loads are available 
in a wide range of velocities ranging from 
#1 (gray) loads to #6 (purple) loads. 


Powder-Actuated Fasteners 


Powder-actuated fasteners are 
available in a variety of lengths 
and diameters. The two basic 
types of fasteners are drive pins 
and threaded studs. Drive pins 
are used for permanent installa- 
tion of materials or objects—for 
example, fastening a sill plate toa 
concrete slab. Threaded studs are 
used for applications where the 
material or object being fastened 
to the concrete or steel base may 
need to be moved. Drive pins 
and threaded studs have a pre- 
mounted plastic fluting to hold 
the fastener centered in the tool 
muzzle prior to driving. 


Drive Pins. Drive pins are more 
commonly used than threaded 
studs. Drive pins are manufac- 
tured from steel that has been 
treated for extra hardness and 
must be harder than the mate- 
rial into which they are driven. 
Drive pins driven into steel 
often have a knurled shank for 
extra holding power. 

Drive pins range in length from 
V£" to 3". Head and shank dimen- 
sions are typically indicated in 
millimeters and/or inch frac- 
tions. The most common head 
sizes are .300", 6 mm (4”), 8 mm 
(54e"), and 34". See Figure 18-13. 
Drive pin shank diameters are 
specified by the diameter of the 
wire used to make the pin. For 


example, drive pins with 6 mm 
and 8 mm heads commonly have 
.143" diameter shanks. 


Drive Pins 
Figure 18-13 
PLASTIC SS 


FLUTING / 


.300" HEAD 


WASHER —.. 


cB 


6mm HEAD 


==) 


8mm HEAD 


36" HEAD 


Figure 18-13. Drive pins range in length 
from 2” to 3” and have a premounted 
plastic fluting to center the fastener in 
the muzzle. Drive pins are available with 
washers that prevent the pins from being 
driven too deeply into the material being 
fastened. 


Drive Pin Assemblies. Drive pin 
assemblies consisting of pre- 
assembled clips, drive pins, 
and plastic fluting are avail- 
able for a variety of applica- 
tions. Ceiling clip assemblies 
are commonly used for attaching 
suspended ceiling grids. Conduit 
clip assemblies are used to se- 
cure electrical conduit to walls 
or ceilings. See Figure 18-14. 


Threaded Studs. Threaded 
studs are a one-piece fastener 
with a drive pin on one end 
and threads at the other end. 
When a threaded stud has been 
driven into place, a washer 
and nut are used to secure the 
object being fastened, making 
it possible to remove the object 
altogether or loosen it when 
shimming or other adjustment 
is required. Threaded studs 


are commonly used for instal- 
lation of suspended sprinkler 
and lighting systems and are 
available in 1⁄4”—20 and %”~16 
diameters and threads per inch. 
See Figure 18-15. 
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Figure 18-14. Drive pin assemblies are 
used for applications such as hanging 
suspended ceilings or supporting electrical 
conduit. 
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Figure 18-15. Threaded studs allow 
objects to be removed or loosened for 
proper shimming. 


Installing Powder- 
Actuated Fasteners 


When driving a powder-actuated 
fastener into concrete, a com pres- 
sion bond holds the fastener in 
place. The fastener displaces 
the concrete, which attempts to 
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return to its original shape, pro- 
ducing a squeezing or compres- 
sion action against the fastener. 
See Figure 18-16. 
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Figure 18-16. Concrete exerts acompression 
bond to hold drive pins and threaded studs 
in place. 


Fasteners should not be driv- 
en into concrete unless the 
concrete thickness is at least 
three times the fastener shank 
penetration. In addition, fasten- 
ers should not be driven closer 
than 3” from the unsupported 
edge or corner of concrete un- 
less a special guard, fixture, or 
jig is used. Low-velocity tools 
should not be used to drive 
fasteners closer than 2” from an 
unsupported edge or corner. 

Concrete that has cured less 
than seven days will not have 
the compressive strength re- 
quired to adequately secure a 
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o Strike fastener with hammer. 


Figure 18-18. A center point test is used to determine the suitability of concrete for powder-actuated fasteners. 


powder-actuated fastener. Con- 
crete should cure for a minimum 
of 28 days before powder- 
actuated fasteners are installed. 
Powder-actuated tool fasteners 
should not be used in exces- 
sively hard concrete or in stone 
or brittle materials such as glass, 
tile, or brick. 

When powder-actuated fas- 
teners are installed in steel, a 
clamping force is produced on 
the fastener because of the natu- 
ral tendency ofthe steel to return 
to its original shape. See Figure 
18-17. Powder-actuated fasten- 
ers driven into steel should not 
be closer than 77" from the edge. 
Low-velocity tools should not 
be used to drive fasteners closer 
than 4" from the edge. 


CLAMPING FORCE 


Figure 18-17. The natural tendency of 
steel is to return to its original shape, 
producing a clamping force against a drive 
pin or threaded stud. 


Center Point Test. A center 
point test is used to determine 
the suitability of concrete for 
powder-actuated fasteners. To 
conduct a center point test, 
first select the powder-actuated 
fastener to be used. Place the 
point of the fastener against 
the concrete surface and strike 
the head with a single hammer 
blow. If the concrete shows a 
well-defined depression from 
the impact, the concrete is suit- 
able for powder-actuated fasten- 
ers. See Figure 18-18. 

Ifthe point is blunted, the con- 
crete is too hard for the powder- 
actuated fastener. If the concrete 
cracks or shatters, the concrete 
is too brittle. If the fastener 
penetrates into the concrete, the 
concrete may be too soft. If the 
results of the center point test 
indicate that powder-actuated 
fasteners are not suitable for 
the installation, anchors such 
as expansion shields should be 
installed. 


Driving Powder-Actuated 
Fasteners. Fastener shank length 
and powder load charge must 
be considered before install- 
ing drive pins. The fastener 
shank must be long enough to 
go through the material and ad- 
equately penetrate the concrete 
or steel base. If the fastener is 
driven too deep or too shallow, 


NO CRACKS AROUND EDGE 
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© Check for well-defined indentation. 


a weak connection is created. 
To determine the proper drive 
pin shaft length for concrete, 
add the thickness of the material 
being fastened and the required 
penetration. To determine the 
proper drive pin shaft length 
for steel, add the thickness of 
the material being fastened, the 
steel thickness, and 14”, 

The proper powder load charge 
must be used to drive the pin to 
the appropriate depth. When 
fastening a piece of wood to 
concrete or steel, the top of the 
drive pin head should be flush 
with the surface of the wood. 
If the head is driven below the 
wood surface, the powder load is 
too strong. If the head protrudes 
above the surface, the powder 
load is too weak. 


p roperly brac 


before firing powder-a tua 


Threaded studs should be driv- 
en so the full threaded portion 
of the stud is above the concrete 
or steel surface. To determine 
the proper thread length for 
threaded studs driven into con- 
crete or steel, add the thickness 
of the material being fastened 
and an allowance for the washer 
and nut. The allowance is equal 
to the fastener thread diameter. 
For example, the allowance for a 
14"—20 threaded stud is 4". 

A recommended practice to 
determine the proper powder 
load for a drive pin or stud is to 
make a trial installation using 
a #1 or #2 powder load. If the 
pin or stud is not driven to the 
proper depth, increase the load 
power until the proper installa- 
tion depth is achieved. 


Powder-Actuated 

Tool Safety 

Per OSHA 29 CFR 1926.302, 
Power-Operated Hand Tools, 
only workers who have been 


trained in the operation of a 
powder-actuated tool and have 
obtained an operator license can 
operate powder-actuated tools. 
The operator must take and sat- 
isfactorily pass a quiz on the safe 
operation of powder-actuated 
tools. A qualified instructor can 
be located by contacting the re- 
gional office of the tool manufac- 
turer or by contacting the Powder 
Actuated Tool Manufacturers’ 
Institute (PATMD. 

Powder-actuated tool opera- 
tors must wear proper personal 
protective equipment such as 
safety goggles and earplugs 
or earmuffs. Powder-actuated 
tools should not be used in a 
flammable or explosive envi- 
ronment since the ignition of 
the charge produces a spark. 
Ensure there is adequate venti- 
lation when the tool is used in 
confined spaces. Other workers 
should not stand close by or 
to one side of the operator. If 
a drive pin hits a reinforcing 
steel bar in the concrete, the 
pin can ricochet in a horizontal 
direction. 

Powder-actuated tool opera- 
tors should not drive fasteners 
into easily penetrated materials 
unless the materials are backed 
by a substance that will pre- 
vent the drive pin or threaded 
stud from passing completely 
through. 

Powder-actuated tools must 
be inspected and tested each 
day to ensure that safety de- 
vices are in proper operating 
condition. Tools found not to 
be operating properly should 
be immediately removed from 
service and repaired. 

A number of precautions 
should be taken to prevent a 
powder-actuated tool from firing 
accidentally. Powder-actuated 
tools should not be loaded un- 
til immediately prior to firing. 
Always bring the tool into the 
intended firing position before 
pulling the trigger. 


If a powder-actuated tool mis- 
fires, hold the tool in place for at 
least 30 seconds and then try to 
operate the tool a second time. If 
the tool does not fire again, hold 
the tool in the operating posi- 
tion for another 30 seconds and 
then proceed to remove the load 
following the manufacturer in- 
structions. Ifthe problem is due 
to a tool defect, remove the tool 
from service. Additional safety 
precautions to be observed 
when using powder-actuated 
tools include the following: 

* Never point any powder- 
actuated tool at a person, 
whether the tool is loaded 
or unloaded. 

Before firing a powder- 

actuated tool, inspect the 

unloaded chamber to en- 
sure the barrel is clean and 
there are no obstructions. 

Keep hands away from the 

open barrel end. 

* Be aware of electrical cir- 

cuits and use caution when 

driving fasteners near elec- 
trical circuits. 

Do not leave a powder- 

actuated too] unattended. 

* Do not carry a loaded tool 

from the job. 

Store tools and cartridges 

in a locked container when 

they are not in use. Be sure 
the tool is unloaded before 
storing it. 

* Never carry fasteners or 

other hard objects in the 

same container or pocket as 
powder loads. 

Post warning signs stating 

the powder-actuated tools are 

in use within 50' of the area 
where the tool is being used. 

* Use a spall guard whenever 
possible. 

* Use caution when driving 
pins into steel beams as the 
pin may ricochet and exit 
toward the operator. 

* Safely dispose of misfired 
powder loads by submerging 
in water. 
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arpentry work often in- 

volves the use of metal 

materials that must be weld- 
ed or cut. Welding involves the 
use of high heat which is applied 
to adjacent metal surfaces to join 
them. A filler metal may be added 
to the weld joint to strengthen it. 
During cutting operations, metal 
is heated and an oxygen jet from 
a cutting torch is applied, burning 
through the metal. 


Carpenters perform welding 
and metal-cutting operations, 
such as welding anchor bolts, 
straps, J-bolts, and joist hangers 
in place. They may also weld re- 
inforcing bars, make repairs on 
steel forms, and weld structural 
members of steel-framed walls. 
See Figure 19-1. 

In order to perform welding 
and metal-cutting operations, 
a carpenter must have the 
proper training or experience 
and be certified by passing an 
examination conducted by the 
proper authorities. Many ap- 
prenticeship programs today 
include welding courses as part 
of their required training. Eve- 
ning courses are often available 
for journeyman carpenters who 
want to become proficient and 
certified in welding. 
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| Modern welding processes evolved 
| from inventions and discoveries 


Welding and | 
Metal-Cutting 


Equipment 


Figure 19-1. Carpenters perform many 
welding and metal-cutting operations. 


WELDING PROCESSES 


While there are a variety of 
welding processes, the two ba- 
sic types of welding processes 
most used by a carpenter are 
electric arc welding and oxy- 
acetylene welding. Each meth- 
od requires specialized skills 
and equipment. Carpenters 
normally use electric arc weld- 
ing for welding. Oxyacetylene 
equipment, which can be used 
for both welding and cutting, 
is primarily used for cutting 
rather than for welding in con- 
struction work. 


dating back to 2000 BC... 


Electric Arc Welding 


In electric arc welding, metal 
surfaces are fused (melted to- 
gether by the heat of an electric 
arc) together. A large amount 
of heat is produced by an arc 
that jumps between a stick 
electrode or wire electrode 
and the materials being welded. 
Arc welding machines, Figure 
19-2, provide electric current 
to produce the welding arc. 
Arc welding machines may 
be alternating-current (AC) or 
direct-current (DC) models. 
Some transformer-rectifier 
models produce both AC and 
DC power. 
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Figure 19-2. Arc welding machines 
are available as AC, DC, and 
transformer-rectifier models that pro- 
duce both AC and DC power. 


In electric arc welding, a con- 
tinuous circuit is formed with 
the arc welding machine and the 
piece of metal being welded. See 
Figure 19-3. Electrical current 
from the arc welding machine 
is transferred to the electrode 
holder or welding gun and work- 
piece through an electrode lead. 
An electrode holderis an insulat- 
ed clamp that holds an electrode. 
A welding gun is a device that 
discharges the wire electrode 
to the weld joint. A workpiece 
connection is attached to the 
workpiece and a workpiece lead 
extends between the connection 
and the arc welding machine to 
complete the circuit. 

Consumable stick or wire elec- 
trodes are available in different 
types of metals. The electrodes 
must be compatible with the 
type of metal being welded. Stick 
electrodes are approximately 12" 
long and are replaced in the elec- 
trode holder when the electrode 
is approximately 1" to 1%” long. 
Wire electrode is available on 
spools and is fed into a welding 
gun using a feed control. 


Electric Arc Welding Safety. 
Several potential safety haz- 
ards are associated with elec- 
tric arc welding. Ultraviolet 
and infrared rays produced in 
electric arc welding can cause 
severe eye damage. Droplets of 
molten metal from an arc can 
cause burns and ignite flam- 
mable materials. OSHA 29 CFR 
1926.351, Arc Welding and Cut- 
ting, includes detailed safety in- 
formation relating to electric arc 
welding. Safety rules to observe 
when using electric arc welding 
equipment are as follows: 


* Wear appropriate eye pro- 
tection and fireproof cloth- 
ing and headgear. 

* Current-carrying parts of 
an electrode holder or gun 
must be fully insulated. 

* Cable must be free of 
cracks or other defects. If 
such defects exist, imme- 
diately remove the cable 
from service. 
When electrode holders are 
left unattended, remove the 
electrode and protect the 
holders so they cannot make 
contact with other workers 
or conducting objects. 

Do not dip electrode hold- 

ers in water to cool them. 

e Whenever possible, shield 
electric arc welding opera- 
tions with noncombustible 
or flameproof screens to 
protect other workers from 
the direct rays of the arc. 
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| ELECTRODE HOLDER 


WORKPIECE CONNECTION 
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ELECTRIC CURRENT JUMPS GAP BETWEEN 
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Figure 19-3. In electric arc welding, metal surfaces are fused by the heat of an 


electric arc. 


* Install electric arc welding 
equipment so it is properly 
grounded and has a power 
disconnect switch nearby. 
Shut off the power to an 
arc welding machine when 
making repairs. 
Periodically check cable 
connections to ensure they 
are tight. 

Do not overload cables or al- 
low them to come in contact 
with hot metal, water, oil, 
or grease. Avoid dragging 
cables over or around sharp 
corners. 

Do not stand in water or on 
a wet floor or use wet gloves 
when welding. 

Dispose of used electrodes 
properly. 

Do not pick up pieces of 
metal that have just been 
welded or heated. 

Weld only in areas that 
are well-ventilated. When 
necessary, use an exhaust 
system to keep toxic gases 
below the prescribed health 
limits. Wear a respirator 
when welding metals that 
produce toxic fumes. 


Sas elt none Welding 
and Cutting 

In oxyacetylene welding, metal 
surfaces are fused together by 
the heat of a welding flame. 
The flame temperature may be 
as high as 6300?F. When the 
edges of the metal being welded 
reach the melting point, the two 
edges flow together to form a 
solid piece. Some joints require 
a filler metal to be added. The 
filler metal is added to the mol- 
ten pool of the base metal. See 
Figure 19-4. 
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Figure 19-4, Filler metal is commonly 
added to a weld joint during an 
oxyacetylene welding operation. 


Equipment setup for oxyacety- 
lene welding and cutting op- 
erations is similar. Two cylinders 
hold the oxygen and acetylene 
gases, with oxygen in one cyl- 
inder and acetylene in the other 


cylinder. Hoses lead from the 4@ 
regulators on the tops of the cyl- * 


inders to the torch. See Figure 
19-5. Pressure regulators indicate 
the cylinder pressure and pressure 
of the gases flowing to the torch. 


WELDING 
NOZZLE OR TIP 


Adjusting (needle) valves are 
located at the end of the torch to 
control the gas flow through the 
torch to the tip or nozzle. The 
pressures at the cylinders and 
adjustment of the valves deter- 
mine the type of flame produced. 
The gases are mixed within the 
torch and delivered to the weld- 
ing tip or nozzle where they are 
ignited to produce the heat for 
welding. 

Before connecting a cylinder 
regulator to the cylinder, crack 
(slightly open) and immediately 
close the valve to clear dirt or 
dust in the valve. See Figure 19-6. 
Open a cylinder valve slowly to 
prevent damage to the regulator. 
Purge oxygen and acetylene hos- 
es before lighting a torch. Use a 
friction lighter or other approved 
device to light torches. 
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Figure 19-6. Crack (slightly open) a 
cylinder valve prior to installing a 
regulator to remove dirt or dust from 
the valve. 


The major difference between 
the welding and cutting setups 
is a cutting attachment that 
replaces the welding torch and 
tip with a cutting torch. See 
Figure 19-7. The cutting process 
begins by preheating the metal 
with a flame fed by the oxygen 
and acetylene gases. When the 
required temperature is reached, 
the oxygen valve lever on the 
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Figure 19-5. Oxyacetylene A setup is To iin welding and cutting Sestius 
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cutting attachment is depressed 
to release only oxygen. The oxy- 
gen causes the hot metal to burn 
very hot and forces the molten 
metal from the kerf. 


Oxyacetylene Welding and Cut- 
ting Safety. Several potential 
safety concerns are associated 
with oxyacetylene welding and 
cutting processes. OSHA 29 
CFR 1926.350, Gas Welding 
and Cutting, details safety pre- 
cautions that must be observed 
when using oxyacetylene weld- 
ing and cutting equipment. 
Compressed oxygen and 
oxyacetylene gases, which are 
stored in steel cylinders, must 
be handled carefully. When 
transporting, moving, and stor- 
ing cylinders, protective caps 
must be placed over the valve 
stems. The cylinder must be 
secured in a vertical position. In 
most situations, cylinders are se- 
cured with chains. Cylinders are 
transported by tilting and rolling 
them on their bottom edges. Cyl- 
inders must be kept far enough 
away from the welding or cutting 
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operation so that sparks, hot slag, 
or flame will not reach them. 

Hoses for oxygen and acety- 
lene cannot be interchanged, and 
the two hoses should be easily 
distinguished from one another. 
Oxygen hoses are usually green 
and acetylene hoses are red. The 
oxygen fitting is made with a 
right-hand thread and the acety- 
lene nut has a left-hand thread. 
Hoses should be inspected at 
the beginning of each work shift 
for cracks or other defects. If 
defects are identified, the hose 
must be immediately removed 
from service. 

Torches and cutting attach- 
ments must be inspected at the 
beginning of each work shift. 
Ensure that shutoff valves, hose 
couplings, and tip connections 
do not leak. 

Additional safety rules to ob- 
serve when operating oxyacetylene 
welding and cutting equipment are 
as follows: 

* Wear appropriate eye pro- 

tection and fireproof cloth- 
ing and headgear. 
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Weld only in areas that 
are well-ventilated. When 
necessary, use an exhaust 
system to keep toxic gases 
below the prescribed health 
limits. Wear a respirator 
when welding metals that 
produce toxic fumes. 

Do not weld or cut used 
drums, barrels, tanks, or other 
containers unless they have 
been thoroughly cleaned of 
all combustible substances. 
Do not weld or cut near flam- 
mable materials. If welding 
or cutting must be done 
near flammable materials, 
use fire-resistant guards, 
partitions, or screens. 

Keep a fire extinguisher 
nearby any welding or cut- 
ting operation. 

Do not weld or cut near 
ventilators. 

Do not use oxygen to dust 
off clothing or work. 

Do not use oxygen as a sub- 
stitute for compressed air. 
Do not allow acetylene gas to 
come in contact with unalloyed 
copper except in a torch. 
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Figure 19-7. A cutting attachment replaces the welding torch and tip for oxyacetylene cutting operations. 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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large number of con- 
struction operations re- 
quire working at heights. 
These heights may range from 
a few feet to hundreds of feet 
above floor or ground level. 
According to the U.S. Depart- 
ment of Labor, an estimated 2.3 
million construction workers, 
or 6596 of the construction in- 
dustry, frequently work on scaf- 
folds. Although scaffolds are the 
primary means for performing 
operations at higher elevations, 
other climbing equipment, such 
as aerial lifts and ladders, may 
be used for lower and more lim- 
ited operations. 


SCAFFOLDS 


A scaffold is a temporary 
elevated platform and struc- 
ture used to support workers 
and materials. Scaffolds are 
constructed of steel, wood, 
aluminum, or fiberglass. See 
Figure 20-1. Steel scaffolds are 
used most often. 


Site Preparation and 
Design 

Prior to scaffold construction, 
job site conditions should be 
carefully inspected by a quali- 
fied person trained in scaffold 
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Scaffolds, 
Aerial Lifts, 


‘and Ladders 


erection, or by an engineer. The 
soil conditions over which the 
scaffold is to be constructed 
are of particular concern. Soils 
vary in their allowable bearing 
strength per square foot, with 
rock having the greatest bearing 
strength. As a rule of thumb, a 
heel test can be performed to 


determine the general bearing 
strength of soil. A heel test is 
performed by firmly pressing 
the heel of your shoe into the 
soil while twisting the heel. 
If the heel penetrates the soil 
more than 1^, the soil should 
be tested by an engineer before 
the scaffold is constructed. 


ohio . 
Ease WA RS. 
Trus Joist, A Weyerhoeuser Business 
Figure 20-1. Scaffolds are temporary elevated platforms and structures to support 
workers and/or materials. 


Scaffolds should rest on level 
surfaces. Ground elevations be- 
tween scaffold uprights may vary 
enough to remove soil beneath 
the uprights to provide a level 
surface. 

Scaffold footing must be stable 
and must not settle while carrying 
the maximum intended load. The 
maximum intended load is the to- 
tal ofall loads, including working 
loads, scaffold weight, and other 
anticipated loads. Scaffolds and 
their components must be able to 
withstand at least four times their 
maximum intended load. 

All scaffolds more than 10' 
above the ground must have a 
guardrail system, which includes 
toprails and midrails. Guardrails 
are secured to uprights and erect- 
ed along the exposed sides and 
ends of a platform. A midrail is 
secured to uprights approximate- 
ly midway between the guardrail 
and platform. Toeboards must 
be installed if needed to protect 
workers from the hazards of 
falling hand tools, material, or 
debris. Guardrails must be in- 
stalled with the toprail no less 
than 38" or more than 45" high. 
Screening, mesh, or solid panel 
extending from the platform to 
the toprail may be installed with 
a midrail. 

Various types of scaffolds are 
used by carpenters during con- 
struction or remodeling op- 
erations, including sectional 
metal-framed, wood pole, and 
suspension scaffolds. Sectional 
metal-framed scaffolds are the 
primary type of scaffold used in 
construction work. Wood scaft- 
folds, at one time the predomi- 
nant type of scaffold employed 
by the building trades, are still 
used, but far less frequently. Ap- 
proved scaffolds for specialized 
operations include outrigger 
scaffolds, carpenter's and form 
bracket scaffolds, and pump 
jack scaffolds. 


Sectional Metal-Framed 
Scaffolds 


The framework for sectional 
metal-framed scaffolds consists 
primarily of tubular steel or 
aluminum components. The 
working platform may be metal 
or wood. Three basic types of 
sectional metal-framed scaf- 
folds used on construction 
projects are welded-frame, 
tube-and-clamp, and systems 
scaffolds. Mobile scaffolds can 
be constructed with the three 
basic types of scaffolds. 


Welded-Frame Scaffolds. Heavy- 
gauge tubular steel bearers (tran- 
soms) and posts (standards) are 
welded together to form the 
frames for welded-frame scaf- 
folds. The frames are joined to- 
gether with diagonal braces that 
attach to locking devices on the 
scaffold frame. See Figure 20-2. 


PREFABRICATED 
FRAME 


DIAGONAL 
BRACE 


Frames are joined vertically 
using coupling pins, which are 
inserted into the upper ends of 
the lower frame and lower ends 
of the upper frame. Holes in the 
coupling pin are aligned with 
holes in the frame, and a lock- 
ing device is inserted through 
the holes. 

Several types of frames are 
available. Walk-through and 
open-end frames are commonly 
used. Walk-through frames 
provide openings for workers 
to move about in the bays be- 
tween the scaffold sections and 
also feature an access ladder 
built into the frames. Open-end 
frames resemble walk-through 
frames but do not include a 
built-in access ladder. See Fig- 
ure 20-3. Both types of frames 
are available in 3' to 5' widths 
and 5' to 7' heights. 
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Figure 20-2. The main component of a welded-frame scaffold is a prefabricated frame. 
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Figure 20-3. Walk-through and open-end frames are the most common welded-frame 
scaffold frames. 


Tube-and-Clamp Scaffolds 
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Tube-and-Clamp Scaffolds. Tube- 
and-clamp, or tube-and-coupler, 
scaffolds consist of heavy-gauge 
galvanized steel or aluminium 
tubes that are joined using cou- 
pling pins or interlocking ends. 
Tube-and-clamp scaffolds allow 
for more flexibility in the shape 
ofthe scaffold, particularly when 
erected around circular structures 
such as silos and tanks. 


rH 


Tube-and-Clamp Scaffolds 
Media Clip 


Tubes serve as posts, runners, 
bearers, and braces. Some tubes 
have interlocking ends that are 
twisted together to lock the tubes. 
Other tubes have open ends and 
require a coupling pin to secure 
the tubes together. See Figure 20-4. 


Figure 20-4. Tube-and-clamp scaffolds consist of heavy-gauge galvanized steel tubes that are joined using cou pling pins or interlocking 


ends. 
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The open section of a clamping device should face upward to provide proper support 


for a horizontal member. 


Tubes for runners, bearers, and 
braces are connected to uprights 
using right-angle and swivel 


base, when ready for rolling, 
must be at least one-half the 
scaffold height. Mobile scaffolds 


must not be higher than four 
times the minimum base di- 
mension. 

All tools and materials must 
be removed or secured before a 
mobile scaffold is moved. After 
the scaffold has been moved, 
the casters must be locked to 
prevent movement while the 
scaffold is being used. 


Putlogs. A putlog, also known as 
a bridge or trestle, is a horizontal 
truss that extends between two 
separate scaffolds. A platform 
is constructed over the putlogs. 
Putlogs support work platforms 
but are limited in the amount of 
weight they can carry. Putlogs are 
used to span areas where standard 
scaffolds cannot be easily used, 
such as over a door opening, thus 
reducing the number of scaffold 
parts needed. See Figure 20-7. 


clamps. 


Systems Scaffolds. Systems 
scaffolds are similar to tube- 
and-clamp scaffolds. However, 
systems scaffold nodes (rosettes) 
are welded to the posts and bear- 
ers for attachment of braces and 
railings. See Figure 20-5. Less 
time is required to set up systems 
scaffolds than tube-and-clamp 
scaffolds. 


Mobile Scaffolds. Mobile scaf- 
folds are equipped with casters 
(wheels). Mobile scaffolds re- 
quire a level paved or concrete 
surface, and are typically used 
for high interior work. A mobile 
scaffold may have a power drive 
system to move it. A rolling 
scaffold is similar to a mobile 
scaffold, but does not contain a 
power drive system. Outriggers 
help maintain the balance of 
taller rolling and mobile scaf- 
folds. See Figure 20-6. 

Mobile and rolling scaffolds 
may be moved with a worker 
on the platform, as long as the 
worker is advised and aware 
of each movement in advance. 
The minimum dimension of the 
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Figure 20-5. Systems scaffolds are similar to tube-and-clamp scaffolds but have their 
nodes welded to bearers and posts. 
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Figure 20-6. Mobile scaffolds are equipped with casters to allow easy movement around 
a job site. Outriggers help maintain the balance of taller rolling and mobile scaffolds. 


Figure 20-7. Putlogs are braced horizontal trusses extending between separate scaffolds 
and are used to span areas where scaffolds cannot be easily used. 


Sectional Metal-Framed 
Scaffold Components 


The basic components of most 
sectional metal-framed scaffolds 
are base plates and/or screw 
jacks, horizontal braces, di- 
agonal braces, work platforms, 
toeboards, and guardrails. See 
Figure 20-8. In addition, lad- 
ders, stairs, and locking or 
clamping devices are installed. 
Only components designed for 
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the particular type of scaffold 
being erected, and approved 
by the scaffold manufacturer, 
should be used when construct- 
ing scaffolds. 


Base Plates. Typical base plates 
are 6" square, with nail holes 
in the corners for nailing into 
a wood pad or sill. Single pads 
for base plates are convenient 
when positioning a scaffold over 
uneven ground. Continuous 


(full-length) sills are commonly 
used over even ground, smooth 
floors, and slabs. 


rd 


Scaffold Footing 
Media Clip 


Screw Jacks. Screw jacks are 
used to level scaffold frames, 
and either are part of the base 
plate or are slipped onto the base 
plate and secured with locking 
pins. Screw jacks are commonly 
18" long, allowing nearly 10" to 
12" of adjustment. 


Horizontal Braces. Horizontal 
braces extend parallel to the 
ground across the bay (space 
between opposing frames). 
Horizontal braces are usually in- 
stalled at the base of the frames. 
The first row of horizontal 
braces are placed over the screw 
jacks, and then rows are placed 
at every platform level. Horizon- 
tal braces supporting the work 
platform are bearers. Horizontal 
braces are available in 4’ to 10’ 
lengths in 2' increments. 


Diagonal Braces. Diagonal 
braces, or crossbraces, extend 
from the bottom of one frame to 
the top of the opposing frame. 
Diagonal braces provide lat- 
eral stability and rigidity to the 
scaffold. Diagonal braces are 
commonly available in pairs 
that are attached to each other 
with a pivot pin at the center. 
Diagonal braces are available to 
accommodate 2' to 4' spacing 
between attachment points on 
the frame posts, and 2' to 10' 
spacing of the bays. 


Sectional Metal-Framed Scaffold Components _ 
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Figure 20-8. The basic components of most sectional metal-framed scaffolds are base plates, screw jacks, and horizontal and diagonal 
braces. 


Work Platforms. Scaffold 
work platforms consist of scaf- 
fold-grade solid or engineered 
lumber or prefabricated metal 
sections. See Figure 20-9. Wood 
and metal scaffold platforms 
must be at least 18” wide. When 
solid or engineered lumber is 
used as a work platform, the 
planks must extend 6” to 12” 
past the end supports. Planks 
must overlap a support a mini- 
mum of 12” and are toenailed 
together. 

Prefabricated metal work plat- 
forms are supported with hooks 
at each end. The hooks are 

; | - i placed over the frame bearers 
Nuts on scaffold clamping devices must be properly tightened to manufacturer and locked into place. 


specifications. 
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Scaffold Work Platforms — 
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Figure 20-9. Scaffold work platforms may be solid wood, engineered wood products 
(such as laminated veneer lumber), or prefabricated metal. Scaffold-grade planks must 
be used if the work platform is constructed of solid lumber or engineered wood products. 
Scaffold planks must be properly overlapped. 


Toeboards. Toeboards are in- 
stalled along the work platform 
edges to prevent objects from 
falling off the sides and ends. 
Toeboards may be constructed 
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of 2 x 4s placed on edge and 
attached to the edges of the 
work platform. Manufactured 
toeboards are also available with 
clips to anchor the toeboards to 


the scaffold. The gap between 
toeboards and the work plat- 
form should not be greater than 
V4". Panels placed on edge or 
screens should be used if mate- 
rials will be piled higher than 
the toeboard. 


Guardrails. Scaffold guardrails 
are a type of fall protection, and 
consist of a toprail and midrail. 
Guardrails are required at the 
open sides and ends of scaffold 
work platforms. The distance 
from the work platform to the 
upper surface of the toprail 
should be 38" to 45". A midrail 
is placed midway between the 
platform and the toprail. See 
Figure 20-10. Screening, mesh, 
or solid panels extending from 
the work platform to the toprail 
may be used with a midrail. 


Attached Stairs and Ladder 
Units. When scaffold platforms 
are more than 2' above or below 
a point of access, a stairway or 
ladder must provide safe ac- 
cess to the different levels. See 
Figure 20-11. For large scaffold 
assemblies, prefabricated in- 
ternal stair assemblies provide 
safe access to one level from 
another. Stair assemblies are 
self-contained units that con- 
tain stair treads, handrails, and 
landings. 


vedi — 


TOEBOARD PREVENTS 
OBJECTS FROM FALLING 


Figure 20-10. Guardrails, including toprails and midrails, must be installed per OSHA 
regulations. Toeboards are installed to prevent objects from falling from a scaffold. 
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Figure 20-11. Properly installed stair units or ladders are required for access to the 
different levels of a scaffold. 


u Ac 


cess must be provided to 
8 scaffolds when work platforms are 
more than 2’ above or below an 
access point. Diagonal braces 
cannot be used as a means of 
access to work platforms. Direct 
access to the work platform is 
acceptable when the scaffold is 
less than 14” horizontally and less 
than 24” vertically from the other 
surface. Types of access permitted 
by OSHA include ladders, ramps 
and walkways, stairways, and 
prefabricated frames. 


Ladders may be used to access 
upper scaffold levels. Ladders 
may be built into the frames 
of welded-frame scaffolds. At- 
tached ladders are frequently 
used and should be placed so 
as not to tip the scaffold when 
a worker is climbing. Attached 
ladders are available in 3’ and 
6’ lengths. 

Brackets for attached ladders 
must allow 6” of toe room when 
climbing. The bottom rung of 
ladders should not be more than 
24” above any working level. 


Scaffold Clamping and Locking 
Devices. Clamping and locking 
devices are a means of tying 
together various scaffold compo- 
nents. Only clamping and locking 
devices approved by the scaffold 
manufacturer must be used when 
constructing a scaffold. 

Clamping devices are used 
to fasten bearers and braces to 
scaffold posts. Bolt- and wedge- 
type clamping devices are com- 
monly used. See Figure 20-12. 
Clamping devices may be rigid 
(nonadjustable) or adjustable 
to various angles. Adjustable 
(swivel) clamping devices are 
not load bearing and can only 
be used for supporting braces. 

Locking devices are used to 
connect and retain the position 
of scaffold components, such 
as when connecting diagonal 
braces to scaffold frames. See 
Figure 20-13. 
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Figure 20-12. Clamping devices are used to fasten bearers and braces to scaffold 
posts. 


Scaffold Locking Devices — — 
| Figure 20-13 datis Ar 
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Figure 20-13. Scaffold locking devices include gravity pins, pigtail pins, frame rivet pins, 
thumbscrews, and banana clips. 
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Wood Pole Scaffolds 


Wood pole scaffolds were used 
before metal scaffolds were 
introduced to the construction 
industry. There may still be occa- 
sions when a contractor may find 
it more convenient and economi- 
cal to erect a wood pole scaffold. 
Light-trade pole scaffolds are 
designed for operations where 
heavy tools and heavy materi- 
als are not required, such as trim 
work or painting. Heavy-trade 
scaffolds have the same design 
as light-trade scaffolds, but are 
constructed of heavier members. 
Heavy-trade scaffolds are used to 
support heavier tools and materi- 
als and accommodate trades such 
as bricklayers and cement masons. 
Regulations in OSHA 29 CFR 1926 
Subpart L, Scaffolds, also relate to 
wood pole scaffolds. 


Many basic components of a 
wood pole scaffold perform the 
same functions as their metal 
counterparts. See Figure 20-14. 
Single pads or continuous sills 
are placed on the ground. Wood 
poles provide vertical support, 
and are 2 x 4s for heights up to 
20’ or 4 x 4s for heights greater 
than 20’. Ribbons, usually 1 x 6s 
or 2 x 4s, are installed parallel to 
the ground to provide horizontal 
stability for the posts. Ledgers 
are installed between two posts 
to provide support for the work 
platform. The work platform is 
commonly constructed of 2 x 10 


or 2 x 12 planks, but engineered 
or prefabricated metal work 
platforms may also be used. 
Guardrail requirements, includ- 
ing toprails, midrails, and toe- 
boards, are the same as for metal 


2" THICK SILLS 


scaffolds. A diagonal brace is 
attached to the face of the scaf- 
fold to provide lateral stability. 
A procedure for constructing a 
light-trade wood pole scaffold 
is shown in Figure 20-15. 


10-0” MAXIMUM 
MIDRAIL 


2m 


Figure 20-14. The basic components of a wood pole scaffold are the uprights (poles), 
ribbons, ledgers, diagonal braces, work platform, and guardrails. 


Gates & Sons, Inc. 


Guylines provide support for vertical structures such as formwork and scaffolds. 


Tie-Ins and Guylines 
Tie-ins and guylines provide 
support for a scaffold and pre- 
vent it from tipping forward or 
backward. Tie-ins are secured 
directly to a building. Guylines 
extend from the scaffold to stakes 
driven into the ground. 

Per OSHA 29 CFR 1926.451, 
General Requirements, scaffolds 
with a height-to-base-width ratio 
exceeding 4:1 must be restrained 
from tipping by tie-ins, braces, 
guylines, or equivalent means. 
The 4:1 height-to-base-width ra- 
tio means that the scaffold must 
increase 1' in width for every 4' 
of height. For example, a 24' high 
scaffold must be 6’ wide at the 
base. Tie-ins, braces, and guy- 
lines should be installed at the 
closest horizontal member to the 
4:1 height and must be installed 
per manufacturer recommenda- 
tions. Additional tie-ins, braces, 
or guylines are installed at 20' 
intervals or less for a scaffold that 
is 3’ wide or less. For wider scaf- 
folds, tie-ins, braces, or guylines 
are required every 26’ vertically 
after the initial placement. 

The top tie-in, guyline, or brace 
should be fastened toward the 
top of the scaffold no more than 
the scaffold width from the top. 
For example, if a scaffold is 4' 
wide, the top tie-in should be fas- 
tened no more than 4' from the 
top. Tie-ins, guylines, and braces 
must be installed at each end of 
the scaffold and at horizontal 
intervals not exceeding 30’. 


Tie-ins must be able to withstand 
both tension and compression 
forces. While tying in with a 
couple loops of wire may provide 
some support in tension, it does 
not support a compressive force. 
A strut is required between the 
scaffold and building to 


counteract the compressive forces. 
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Constructing Light-Trade Wood Pole Scaffolds | 


Figure 20-15 


INSIDE 
INTERMEDIATE 
1 UPRIGHTS 


INSIDE SILL 1 
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Bin 2" inside sill on Bovernent (Pads or planks may be used onder uprights 
resting on ground.) 


o Set inside uprights at each end of building. Toenail bottoms to sill. Plumb 
uprights and tie them to building with wood cleats. 


© Nail 1 x 6 ribbon to uprights at proper height. Use three 8d nails at each upright. 
(Duplex nails are recommended.) 


Oo Lay out intermediate uprights on sill and ribbon. 


o Nail intermediate uprights into place. 


SECOND- LEVEL: 1 4l 
l| RIBBONS 
AND DGERS 


RIBRON 4 OUTSIDE fy 


"INTERMEDIATE 


OUTSIDE SILL 9 UPRIGHTS 


Q Place outside sill for outside uprights. 10) Nail intermediate uprights in place. 
Set up two end outside uprights and 
nail in place. k : 

Place intermediate ledger boards. 
Level and nail ledger boards to outside 
uprights. Fasten ledger boards with 


five 8d nails when using 1 x 8s. (12) Place planks for platform. 


Place ribbon below ledgers of outside 
uprights. 


13) Nail toeboards in place. 


Nail second-level ribbons and 
ledgers in place. 


Fasten diagonal braces to outside 
uprights. Use three 8d nails at each 


upright. 
h | A : 16) Fasten guardrail in place. Use two 
DIAGONAL BE ! Ni 16d nails at each upright. 


E 20-15. Light-trade wood pole scaffolds are a Jor Operenions whee heavy tools 
and heavy materials are not required. 
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Tie-ins. Tie-ins may consist of 
heavy-gauge wire, metal braces, 
or scaffold tubes extending 
between the scaffold and the 
building under construction. 
See Figure 20-16. Tie-ins pre- 
vent tension (pull) and compres- 
sion (push) movement. When 
heavy-gauge wire is used as 
tie-ins, 2 x 4 struts (blocks) must 
be secured between the scaffold 
and the point of tie-in to prevent 
the scaffold from pulling in 
while the wire is tightened. 
When tube-and-clamp scaf- 
folds are erected, tie-in tubes 
are extended from the scaffold 
through a window opening 
where the tubes are anchored. 
The extension tubes may be 
anchored to horizontal tubes 
inside the window opening or to 
a shoring post securely wedged 
between the floor and ceiling. 


Guylines. Guylines are em- 
ployed when constructing a 
freestanding scaffold before 
there is a structure to which it 
can be attached. Wire rope or 
cable must be used for guy-lines. 
Guylines should be attached to 
a scaffold at the intersections of 
posts and bearers and should 
extend to their bottom anchors 
at an angle to the ground as 
close to 45° as possible. See 
Figure 20-17. Guy-lines should 
never be installed at an angle 
to the ground greater than 60°. 
More than one guyline may be 
required at the same post for 
taller scaffolds. 


Other Scaffolds and Sup- 
port Systems 


A variety of other scaffold and 
support systems may be used on 
a job site to provide support for 
workers and materials. Some 
types of scaffolds are used by 
different trades for special- 
ized operations that do not re- 
quire complete tubular or wood 
pole structures. 
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Figure 20-16. Tie-ins prevent a scaffold from tension and compression movements. Heavy- 
gauge wire and struts, metal braces, and scaffold tubes are used most often as tie-ins. 
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Figure 20-17. Guylines are used to secure freestanding scaffolds in an upright position. 


Suspension Scaffolds. Suspen- 
sion scaffolds are supported by 
overhead wire ropes. Per OSHA 
29 CFR 1926.451, General Re- 
quirements, the wire ropes must 
be capable of supporting at least 
six times the maximum intend- 
ed load applied or transmitted 
to the rope. 

Suspension scaffolds include 
swinging platform, and two- and 
multiple-point suspension scaf- 
folds. See Figure 20-18. A swing- 
ing platform scaffold consists of 
a metal grid base supporting a 
wood platform. The platform is 
supported at each end by a steel 
stirrup to which the lower block 
of a block and tackle is attached. 
The scaffold is supported by 
hooks or anchors on the roof of 
the building. 

Suspension scaffolds are heavi- 
er than swinging platform scaf- 
folds, and are used for heavier 
operations and materials. Sus- 
pension scaffolds are available 
in different sizes up to 6’ wide 
by 12’ long. Suspension scaffolds 
are supported by outriggers on 
the roof and are raised or low- 
ered by powered hoists. 
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Outrigger Scaffolds. Outrig- 
ger scaffolds are supported by 
beams extending out a wall 
opening (usually a window) 
and secured inside the build- 
ing. Planks are placed on top 
of the beams and guardrails are 
installed. See Figure 20-19. 
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Suspension Scaffolds | 
Figure 20-18 i 
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Figure 20-18. Suspension scaffolds are supported by overhead wire ropes attached to hooks or outriggers. 
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Pump Jack Scaffolds. A pump 


jack scaffold features an adjust- 


able pump jack that is operated 
with a foot pedal. Pump jack 
scaffolds can be used for heights 
up to 30’. Uprights (4 x 4s) are 
attached to the building with 
metal braces or tie-ins. The adjust- 


MIDRAIL 
able brackets are attached to the 
"E TOEBOARD F 
i uprights and provide a 24” work- 
Bas ing platform. See Figure 20-21. 
a BRACE 
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Figure 20-19. Outrigger scaffolds are supported by beams extending out a wall opening 


(usually a window) and are secured inside the building. 


Bracket Scaffolds. The more 
commonly used bracket scaffolds 
are carpenter's and form bracket 
scaffolds. Brackets for carpenter’s 
scaffolds are angle iron or trian- 
gular wood frames. The brackets 
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may be bolted to lumber placed 
behind the wall studs or attached to 
walls using a hook on the bracket. 
Form brackets are made of angle 
iron that attaches to form walers or 
strongbacks. See Figure 20-20. 
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Platform Support Systems. Metal 
trestle jacks or wood horse 
scaffolds may be used when a 
low work platform is required. 
Ledgers, supporting planks at 
least 2" thick, are clamped to 
the tops of the trestle jacks. The 
planks are fastened to the ledgers 
with screws or nails. Trestle jack 
height can be adjusted to accom- 
modate different operations. 

A horse scaffold is constructed 
by supporting planks with a 
sawhorse. The planks are cleated 
together along the underside to 
provide greater stability and the 
work platform is fastened to the 
sawhorses with screws or nails. 
If two levels of sawhorses are 
used, the upper sawhorse legs 
are toenailed to the lower work 
platform. See Figure 20-22. 

The main function of a saw- 
horse is to serve as a portable 
workbench. Sawhorses are 
constructed in a shop or on the 
job. The procedure for building 
a sturdy sawhorse is shown in 
Figure 20-23. 


Scaffold Regulations and 
Standards 


As of November 1996, OSHA 
requires any workers using a 
scaffold to receive training for 
that type of scaffold and have 
knowledge ofrelated OSHA stan- 
dards. Scaffolds must be erected, 
dismantled, and altered under 
the supervision of a competent 
person who has been trained and 
has obtained a certificate of com- 
petence in scaffold erection, use, 
and dismantling. A certificate of 
competence in scaffold erection, 
use, and dismantling is issued af- 
ter completion of an authorized 
training program. 


Bracket Scaffolds 
| Figure 20-20 " 
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Figure 20-22. Metal trestle jacks and wood horse scaffolds are used when a low working 
platform is required. 
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Constructing Carpenter' s Sawhorses. 


| Figure 20-23 - Tm 
SOUAR SLIDING 
T-BEVEL SET 
TYPICAL ; ' 
SAWHORSE E oo ANGLE E 
DIMENSIONS | 


|-— 3-6" OVERALL LENGTH 


-e j- 


SET AT 
E 4” MARK 
SET AT ON TONGUE 
10" EE 24" MARK 1x6 LEG 
L = 4 3€" OR V| ON BLADE SLIDING MATERIAL 


PLYWOOD T-BEVEL 


Set sliding T-bevel to angle 
of cut line drawn with 
framing square. 


Q Determine angle of top and 
bottom leg cuts. Draw a 
line along the tongue. 


3 PIECES OF 1x6 
LEG MATERIAL MARKED 
WITH LEG EDGE ANGLE LINES 


— cut ON BLADE 


AT 5⁄4” MARK 
ON TONGUE i SQUARE __ 6 
- - LINE < 


© To mark leg edge angle line, BACK 6” 
align 5%” mark on square FROM 
tongue and 24” mark on EACH END 


ANGLE LINE 


[5) Mark leg edge angles on 
all four legs and cut the 
legs. 


square blade with bottom 
edge of the 1 x 6 leg 
material. Draw line along 
tongue down from angle 
cut line. 


Measure and mark 2434" 
between the top and 
bottom angle cut lines 
on all four legs. 


Q Cut top piece to length. 
Measure back 6" from each 
end and square line across 
width of piece. 


DRAW LINES 3%” 
IN AT EACH END 
OF TOP PIECE 


IN DRAW 
MAR LINE | USE1x6 LEG AS 


TEMPLATE 
TO MARK WIDTH 


ALIGN WITH 
LEG CUT LINE 


SET AT 24” 
MARK ON 
BLADE 


| MARK LEG 
WIDTH ON 
THIS SIDE 


o Align 1 x 6 leg with leg cut 
line. Draw line on opposite 


side of leg to mark its width. 


SET AT 4" 
MARK ON 
TONGUE AND 
DRAW CUT LINE 


SERIES 
OF SAW CUTS 


Measure in 3$" and draw 
lines in four places on top 
surface of top piece. 


SLIDING 
| CUT JH T-BEVEL 


(10) Make a series of angled 
saw cuts (%” deep at top, 
nothing at the bottom). 

Use chisel to remove and 
smooth gains. 


TACK IN PLACE AND 
TEST FOR WOBBLE 


Q Use a framing square to 
mark leg angle cut lines 
on both edges of top piece. 
Draw lines down from two 
squared lines. 


LEGS 


DRAW ANGLED CUT LINES 


Place sawhorse on flat 
surface. If it does not 

wobble, drive home the 
nails. 


Set sliding T-bevel to an 

angle that is obtained by 
combining the 51⁄4” and 24” 
marks on a framing square. 


12) Push 10 x 12 plywood end 
piece against bottom 
surface of top piece. Mark 
outside edges of legs. 


Dh Nail four legs to top piece 
using three 6d nails in 
each leg. 


Figure 20-23. A sturdy sawhorse is an invaluable device for a carpenter. 
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OSHA regulations relating to 
scaffolds are found in OSHA 29 
CFR 1926 Subpart L, Scaffolds; 
OSHA 29 CFR 1910.28, Safety 
Requirements for Scaffolding; 
and OSHA 29 CFR 1910.29, 
Manually Propelled Mobile 
Ladder Stands and Scaffolds 
(Towers). ANSI standards are 
found in ANSI A10.8-1988, Con- 
struction and Demolition Op- 
erations—Scaffolding—Safety 
Requirements. 


Scaffold Safety 


OSHA regulations state that 
scaffolds may be erected, 
moved, altered, or dismantled 
only under the supervision of 
a competent person because 
the lives of workers depend on 
the proper construction of scaf- 
folds. Yearly, many scaffold ac- 
cidents involve workers falling, 
workers being struck by falling 
objects, scaffold collapse, or 
electrocution. General scaffold 
safety precautions include the 
following: 


e Use only 2" nominal struc- 
tural planking that is free 
from defects, engineered 
wood, or approved prefab- 
ricated metal work plat- 
forms. 
Cleat platform end exten- 
sions must have a minimum 
of 6" overlap and a maxi- 
mum of 12". 
Always observe working 
load limits. 
Install toprails, midrails, 
and toeboards on all open 
sides and ends of work plat- 
forms more than 10' abovea 
lower level. 
Lay platform planks with 
no openings more than 1” 
between adjacent planks. 
Provide overhead protec- 
tion for workers on a scaf- 
fold exposed to overhead 
hazards. 
e Do not work on scaffolds 
during high winds or storms, 


or when work platforms are 
ice covered or slippery. 
Lock mobile scaffolds in 
position when in use. 
Advise all personnel in close 
proximity of the movement 
of a mobile scaffold. 

Use fall protection on work- 
ing heights of more than 
10’. 

Use safety nets for workers 
at any level over 25’ when 
the workers are not other- 
wise protected by harnesses 
or other approved fall-arrest 
systems. 


Electrical Hazards. Overhead 
power and utility lines pose 
potential hazards to workers 
on metal scaffolds. Many elec- 
trical accidents occur when 
erecting or moving metal scaf- 
folds, or when improperly 
grounded tools are used on the 
scaffolds. The following safety 
precautions should be ob- 
served when working around 
electrical hazards: 


* Do not erect a metal scaf- 
fold closer than 3' from 
energized insulated lines 
or 10’ from noninsulat- 
ed lines. If the minimum 
clearances cannot be main- 
tained, contact the utility 
company to de-energize the 
power lines or cover them 
with insulating hoses. 
Wear only approved plastic 
protective helmets (hard 
hats) when working around 
power lines; do not wear 
metal helmets. 

Use only double-insulated 
tools when working on 
scaffolds. Ensure exten- 
sion cords are attached to 
a ground fault circuit inter- 
rupter (GFCI) receptacle. 
Ensure warning labels are 
affixed to each scaffold 
section to warn of electri- 
cal hazards. 


PERSONAL FALL-ARREST 
SYSTEM 


A personal fall-arrest system is 
used to arrest (stop) a worker 
in a fall from a working level. 
Personal fall-arrest systems may 
be used, and are many times 
required for use, with equip- 
ment such as aerial lifts. Proper 
personal fall-arrest systems must 
be used when working at heights 
greater than 10'. Personal fall- 
arrest systems consist of an an- 
chorage point, connectors, and a 
body harness, and may include 
a lanyard, lifeline, deceleration 
device, or combinations of these 
devices. See Figure 20-24. 

An anchorage point provides 
a secure point of attachment 
for lifelines, lanyards, or other 
deceleration devices. Anchorage 
points for personal fall-arrest 
systems must be independent 
of any anchorage point used to 
support or suspend platforms 
and must be capable of support- 
ing 5000 lb minimum per person 
attached to the anchorage point, 
or at least twice the anticipated 
load. Anchorage points must be 
designed and installed under 
the supervision of a qualified 
person. 

Connectors, such as D-rings 
and snap hooks, must have a 
minimum tensile strength of 
5000 lb and must be proof-tested 
to a minimum tensile load of 
3600 Ib. Connectors are typically 
attached to other personal fall- 
arrest system components such 
as anchorage points, body har- 
nesses, lifelines, and lanyards. 
Only locking-type snap hooks 
are permitted to be used for per- 
sonal fall-arrest systems. Snap 
hooks can be attached directly 
to webbing, rope, or wire rope, 
to a D-ring, to each other, and to 
horizontal lifelines. 

Body harnesses, when worn 
properly, protect internal body 
organs, the spine, and other 
bones in a fall. The attachment 
point of a body harness should be 
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located in the center of the back 
near shoulder level, or above the 
worker's head. Body harnesses 
should be inspected before each 
use to ensure they will properly 
support a worker iu case of a fall. 
The harness webbing should be 
inspected for wear, including 
frayed edges, broken fibers, burns, 
and chemical damage. D-rings 
and buckles should be inspected 
for distortion, cracks, breaks, and 
sharp edges. Grommets on body 


harnesses should be inspected to 
ensure they are tight. 
Harnesses must fit snugly 
and be securely attached to a 
lanyard. A lanyard is a flexible 
line of rope, wire rope, or strap 
that generally has a connector at 
each end for connecting a body 
harness to a deceleration device, 
lifeline, or anchorage point. A 
deceleration device dissipates 
a substantial amount of energy 
during a fall arrest or limits the 


Personal Fall-Arrest Systems |. 


| Figure 20-24 
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Figure 20-24. Personal fall-arrest systems must be utilized when workin 
are not provided. Personal fall-arrest systems consist of anchorage poi 


and lifelines. 
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energy imposed on a worker 
during a fall arrest. Common de- 
celeration devices include rope 
grabs, shock-absorbing lanyards, 
and self-retracting lifelines or 
lanyards. 

A rope grab is a deceleration 
device that travels on a lifeline. 
A rope grab automatically en- 
gages a vertical or horizontal 
lifeline by friction to arrest the 
fall of a worker. Rope grabs 
protect workers from falls while 


SNAP HOOKS 


CONNECTORS 


SELF-RETRACTING 
LIFELINE 


DECELERATION DEVICES 


Photos courtesy of Miller? Fall Protection 


g at heights greater than 10' when other means of fall protection 
nts, connectors, body harnesses, lanyards, deceleration devices, 


allowing freedom of movement. 
A lanyard or lifeline is attached 
between the body harness and 
rope grab. A shock-absorbing 
lanyard has a specially woven, 
shock-absorbing inner core that 
reduces fall arrest forces. The 
outer shell of the lanyard serves 
as the secondary lanyard. 

Lifelines are anchored above 
the work area, offering a free-fall 
path, and must be strong enough 
to support the force ofa fall. Ver- 
tical lifelines are connected to a 
fixed anchor at the upper end 
that is independent of a work 
platform such as a scaffold. Ver- 
tical lifelines must never have 
more than one worker attached 
per line. A self-retracting lifeline 
is a type of vertical lifeline. A 
self-retracting lifeline contains a 
line that can be slowly extracted 
from or retracted onto its drum 
under slight tension during nor- 
mal worker movement. When 
a fall occurs, the drum auto- 
matically locks, arresting the fall. 
Horizontal lifelines are connect- 
ed to fixed anchors at both ends. 
Workers attach their lanyard to a 
D-ring on the lifeline, allowing 
them to freely move horizontally 
along the lifeline. 


A lifeline must be properly 
terminated (anchored) to pre- 
vent the safety sleeve or ring 
from sliding off its end. The 
path ofa fall must be visualized 
when anchoring a lifeline. Use 
an anchored system without 
any obstructions to the fall. 
Obstacles below and in the fall 
path can be deadly. 


Personal Fall-Arrest 
System Requirements 


When a personal fall-arrest sys- 
tem is used for fall protection, 
the system must be able to do 
the following: 

* Limit the maximum arrest- 
ing force to 1800 lb when 
used with a body harness. 

* Be rigged so the worker can 
neither fall more than 6' nor 
contact any lower level. See 
Figure 20-25. 

* Bring a worker to a com- 
plete stop and the limit 
maximum deceleration dis- 
tance a worker falls to 3'-6". 
The deceleration distance 
is the additional vertical 
distance a falling worker 
travels, excluding lifeline 
elongation and free-fall 
distance, before stopping, 
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Figure 20-25. Always determine the estimated 
personal fall-arrest system. Self-retracting lifelines sho 


fall distance is less than 18 
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be used when the fall distance is greater than 1 8'-6". 


fall distance when selecting the proper 
uld be used when the estimated 


-6". Self-retracting lifelines or shock-absorbing lanyards can 


from the point at which the 
deceleration device begins 
to operate. The decelera- 
tion distance is measured 
as the distance between the 
location of a worker's body 
harness attachment point at 
the moment of activation of 
the deceleration device dur- 
ing a fall and the location of 
that attachment point after 
the employee comes to a 
full stop. 

Have sufficient strength to 
withstand twice the poten- 
tial energy impact of a work- 
er free falling a distance of 
6' or the free-fall distance 
permitted by the system, 
whichever is less. The free- 
fall distance is the vertical 
distance between the fall- 
arrest attachment point on 
the body harness before 
the fall and the attachment 
point when the personal 
fall-arrest system applies 
force to arrest the fall. 


Safety Nets. A safety net is a 
net made of rope or webbing for 
catching and protecting a fall- 
ing worker. A safety net must 
be used anywhere a worker is 
25' or more above the ground, 
water, machinery, or other solid 
surface when the worker is not 
otherwise protected by fall-arrest 
equipment or scaffold guardrails. 
See Figure 20-26. Safety nets 
must also be used when public 
traffic or other workers are per- 
mitted underneath a work area 
that is not otherwise protected 
from falling objects. 


AERIAL LIFTS 


An aerial lift is a piece of ex- 
tendable and/or articulating 
equipment designed to position 
personnel and/or materials in 
elevated locations. See Figure 
20-27. Self-propelled aerial lifts 
include scissors, articulating 
Z-boom, and extensible S-boom 


lifts. 
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Figure 20-26. A safety net must be installed whenever a worker is 25' or more above 
the ground, water, machinery, or other solid surface when the worker is not otherwise 
protected by fall-protection equipment or guardrails. 


Aerial Lifts 
Figure 20-27 | 


JLG Industries, Inc. Genie Industries 


SCISSORS ARTICULATING Z-BOOM 
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EXTENSIBLE S-BOOM 


Figure 20-27. Aerial lifts are designed to position workers and/or materials in elevated 
locations. 
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Hard hats and required fall- 
arrest equipment must be worn 
while working on elevated 
work platforms or buckets of 
aerial lifts. Loose-fitting cloth- 
ing should not be worn while 
working in an aerial lift. 

Aerial lifts must be inspected 
and tested daily before use. 
When using articulating Z-boom 
or extensible S-boom lifts, a 
worker qualified in the opera- 
tion of the ground controls must 
be stationed at the ground con- 
trols. Ground controls must not 
be operated without the autho- 
rization of the elevated worker, 
except during emergencies. 

Elevated work platforms 
have guardrails, a toeboard, 
and a means for each person 
to attach fall-arrest equipment. 
A guardrail is secured to the 
uprights and erected along the 
exposed sides and ends of a 
platform. Guardrails must be 
installed with the toprail no less 
than 36” or more than 42” high, 
and with a midrail. A midrail 
is installed approximately mid- 
way between the toprail and 
platform. A toeboard serves a 
purpose similar to toeboards for 
scaffolds. 


Aerial Lift Safety 


OSHA regulations require that 
an aerial lift be operated by a 
person qualified in aerial lifts. 
OSHA 29 CFR 1926.453, Aerial 
Lifts; OSHA 29 CFR 1910.66, 
Powered Platforms for Build- 
ing Maintenance; ANSI A92.5, 
Boom-Supported Elevating 
Work Platforms; and ANSI 
A92.6, Self-Propelled Elevating 
Work Platforms provide addi- 
tional information regarding the 
safe use of aerial lifts. Aerial lift 
safety precautions include the 
following: 


* Wear appropriate fall-arrest 
equipment when working 
in an aerial lift. The lanyard 
must be attached to the 


work platform or basket of 
the aerial lift. See Figure 
20-28. Workers in aerial lifts 
must not attach themselves 
to adjacent poles, struc- 
tures, or equipment. 

* Do not sit or climb on the 
edge of an aerial lift basket 
or railing of an elevated 
work platform. 

e Set the brakes on aerial 
lifts during use. If the lift 
is equipped with outrig- 
gers, the outriggers must be 
positioned on pads or solid 
surfaces. 

* Do not move an occupied 
aerial lift with an elevated 
work platform or basket 
unless the equipment is spe- 
cifically designed for such 
work. 

Do not operate aerial lifts 

with any portion of the lift 

closer than 10' from live 
overhead electrical lines. 

Aerial lift controls must be 

tested each day prior to use 

to determine whether the 
controls are in safe working 
condition. 

* Boom and basket load limits 

specified by the manufactur- 

er must not be exceeded. 

Install wheel chocks before 

using an aerial lift on an 

incline, provided they can 
be safely installed. 


Figure 20-28. Workers in elevated aerial 
lifts must wear appropriate fall-arrest 
equipment. 


LADDERS 


A ladderconsists oftwo siderails 
joined at intervals by rungs or 
steps for climbing up and down. 
Ladders are made of wood, alu- 
minum, or fiberglass in lengths 
of 3’ to 50’. Carpenters and other 
tradesworkers use ladders to 
perform light operations and re- 
pairs not requiring full scaffolds. 
Ladders are categorized as fixed, 
single, extension, and steplad- 
ders. See Figure 20-29. 


Fixed Ladders 


Fixed ladders are permanently 
attached to a structure, and are 
commonly used to provide ac- 
cess to a flat roof. Fixed ladders 
are usually constructed of steel 
or aluminum. 


| Figure 20-29 
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Single Ladders 


A single ladder consists of 
only one section and is of fixed 
length. Typical single ladder 
lengths range from 6’ to 24’. 
Single ladders are limited in 
their versatility because a given 
length ladder may be safely 
used only within a fixed height 


range. 
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Figure 20-29. Ladders are categorized as fixed, single, extension, and stepladders. 
Extension and stepladders are most commonly used on a job site. 
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Extension Ladders 


An extension ladder is an adjust- 
able-height ladder with a fixed 
bed section and one or more 
slidable, locking fly sections. 
The bed section is the lower 
section of an extension ladder. 
A fly section is an upper section 
of an extension ladder. A pawl 
lockis attached to a fly section to 
hold the fly section at the desired 
height. 

Fly sections are raised and 
lowered with the use of a hal- 
yard. A halyard must be a 
minimum of 3€" diameter with 
a minimum breaking strength of 
825 lb. The halyard is threaded 
through the pulley attached to 
the top rung of the bed section. 
One end of the rope is attached 
to the bottom rung of the fly 
section and the other end is 
usually tied off at the bottom of 
the ladder. 

Extension and single ladders 
should be positioned on a 4:1 
ratio (75° angle). For every 4’ of 
working length, 1’ of space is 
required at the base. See Figure 
20-30. Working length is the 
distance along the ladder be- 
tween the foot and top support. 
The tip of a single or extension 
ladder should be secured at the 
top to prevent it from slipping 
and must be at least 3’ above the 
roof line or top support. Lad- 
ders over 15’ long should also 
be secured at the bottom. See 
Figure 20-31. Never stand on 
the top three rungs of a single 
or extension ladder. 


Stepladders 


A stepladder is a folding ladder 
that stands independent of sup- 
port. Stepladders are available 
in 2’ to 12’ lengths, and are used 
more often than other ladders 
because they are easily portable 
and can be used for working at 
various heights. Never stand on 
the top two rungs of a steplad- 
der since there is no support for 
the user. 
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Figure 20-30. Single and extension 
ladders should be positioned on a 4:1 
ratio, which is approximately a 75° 
angle. 
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| Figure 20-31 
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Ladder Regulations and 
Standards 


Regulations and standards for 
the design, use, and testing of 
ladders are published by vari- 
ous federal, state, and standards 
organizations. OSHA publishes : 
regulations for ladders in OSHA 
29 CFR 1926.1053, Ladders; 
OSHA 29 CFR 1910.25, Portable 
Wood Ladders; OSHA 29 CFR 
1910.26, Portable Metal Lad- 
ders;and OSHA 29 CFR 1910.27, 
Fixed Ladders. ANSI publishes 
standards for ladders in ANSI 
A14.1, Ladders—Portable Wood— 
Safety Requirements for; ANSI 
A14.3, Ladders—Fixed—Safety 
Requirements; and ANSI 14.5, 
Ladders—Portable Reinforced 
Plastic— Safety Requirements. 
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SECURING TO SOLID GROUND 


Figure 20-31. Ladders over 15' long should be secured at the bottom to prevent ladder 


movement. 


Ladder Duty Ratings. Ladder 
duty rating is the weight a lad- 
der is designed to support under 
normal use. The four ladder 
duty ratings are as follows: 


* Type IA—extra heavy-duty, 
industrial, 300 lb capacity 

* Type I—heavy-duty, indus- 
trial, 250 lb capacity 

e TypeII—medium-duty, com- 
mercial, 225 lb capacity 

* Type H— light-duty, house- 
hold, 200 lb capacity 


Al ladders must be used only 
for the purpose for which they 
are intended. 


Ladder Climbing 
Techniques 


Ladder climbing should begin 
only after a ladder is resting on a 
firm, level surface and is properly 
secured. Climbing movements 
should be smooth and rhythmi- 
cal to prevent ladder bounce and 
sway. 

Safe climbing employs the 
three-point contact method. In 
the three-point contact method, 
the body is kept erect, the arms 
are kept straight, and the hands 
and feet make the three points of 
contact. Two feet and one hand 
or two hands and one foot are in 
contact with the ladder rungs at 
all times. Each hand should grasp 
the rungs with the palms down 
and the thumb on the underside 
ofthe rung. Progress up the ladder 
should be caused by the push of 
the leg muscles and not the pull 
of the arm muscles. 

Fall-arrest systems should be 
used when climbing to greater 
heights, Figure 20-32. A fall-ar- 
rest system consists of a flexible 
or rigid rail carrier and a safety 
sleeve. The carrier is secured to 
the ladder or structure, and is the 
track for the safety sleeve. The 
ring or a safety harness connects 
to the safety sleeve. The safety 
sleeve clamps against the carrier if 
a fall occurs, protecting the person 
climbing the ladder from injury. 


Photo courtesy of Miller® Fall Protection 


Figure 20-32. A fall-arrest system should 
be employed on ladders when climbing to 
greater heights. 


Safety precautions to observe 
when using ladders include 
the following: 


e Use ladders only for the 
purpose for which they were 
designed. 

e Inspect ladders when new 

and before each use for bro- 

ken, cracked, or otherwise 
defective parts. 

Ensure ladder rungs and sid- 

erails are free of oil, grease, 

or other substances that may 
cause slipping. 

Set the ladder in place, mak- 

ing sure the base is level and 

firm. Secure the ladder so it 
will not slip while in use. 

Do not place a ladder against 

a movable object. 

Use leg muscles when lifting 

and lowering ladders. 

Do not place a ladder against 

a window sash. Tack a board 

over the window opening 

and place the ladder against 
the board. 

Always check for the proper 

angle of inclination before 

climbing a ladder, keeping 
the 4:1 ratio in mind. 


e Exercise extreme caution 
when using ladders near 
electrical conductors or 
equipment. All ladders con- 
duct electricity when wet. 
Verify that all pawl locks 
on extension ladders are 
securely hooked over rungs 
before climbing. 
Ensure that stepladders are 
fully open, with spreaders 
locked, before climbing. 
Face the ladder when as- 
cending and descending. 
Do not carry tools or mate- 
rials in your hands when 
climbing up or down the 
ladder. Carry tools in a work 
apron or use a rope and 
bucket to hoist them up. 
Position a ladder so it is 
clear of doors or passage- 
ways. 
Do not stand on the top two 
rungs of a stepladder or top 
three steps of an extension 
or single ladder. 
Do not attempt to reposition 
an occupied ladder. 
e Do not lean or overreach 
from a ladder. 
e Do not use a ladder in high 
wind conditions. 


Trestle Ladder and 
Ladder Jack Scaffolds 


Trestle ladder and ladder jack 
scaffolds combine ladders with 
a platform. See Figure 20-33. 
Trestle ladder and ladder jack 
scaffolds are designed for light- 
duty applications such as caulk- 
ing or painting. Trestle ladders 
must not be used as part of a 
scaffold for any other purpose 
besides access and egress un- 
less they are equipped with 
guardrails. The use of trestle 
ladders longer than 20’ is pro- 
hibited. 

Ladder jack scaffolds are 
constructed of two extension 
or single ladders, ladder jacks 
(brackets), and a platform ex- 
tending between and resting on 
the ladder jacks. 
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HITCHES AND KNOTS 


Carpenters should be familiar 


PEAT SEM GUARDRAIL 

= with some of the approved 
Il hitches and knots used in con- 

E struction work. These may be 

ue. E necessary for securing lines as 
TRESTLE E well as for safely lifting timbers 

E ond Bp i and other types of loads. Some 

: of the more commonly used 

OUTRIGGER OUTRIGGER ‘LADDERS, 44^ hitches and knots are the square 
TRESTLE LADDER LADDER JACK knot, sheet bend, bowline, clove 
SCAFFOLD hitch, and timber hitch. See 


SCAFFOLD 
Figure 20-33. Trestle ladder and ladder jack scaffolds combine ladders with a work Figure 20-34. 


platform. 


Knots, Bends, and Hitches __ 
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1 
SHEET BEND 


Used for fastening together ends of different diameter 
lines—in this case two ends. 


SHEET BEND 


Used to fasten together ends of two | Used for fastening together ends of 
different diameter lines—in this case 


lines of same diameter. 
an end to a loop. 


TIMBER HITCH 


BOWLINE CLOVE HITCH 
Will not slip or draw too tightly to be readily untied. Used for fastening line to stake Used to tie off members that are to 
or pole. be raised or lowered. 


Figure 20-34. Effective and approved hitches and knots are used to secure lines as well as lift timbers and other materials. 
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arth-moving equipment, 

such as bulldozers and 

excavators, is used to re- 
move and transport soil around 
a job site in preparation for 
foundation footings, to backfill 
soil against a foundation, and to 
prepare a job site for landscap- 
ing. Other construction equip- 
ment, such as a tower crane, 
is used on larger construction 
projects where materials and 
equipment must be hoisted sev- 
eral floors. The type and num- 
ber of pieces of construction 
equipment used on a project de- 
pends on the type of construc- 
tion. Erecting a large concrete 
building, for example, requires 
more equipment than building 
a wood-framed house. 


EARTH-MOVING 
EQUIPMENT 


Most new construction proj- 
ects require a certain amount 
of excavation or grading to 
be performed. The amount of 
excavation or grading depends 
on the size of the structure be- 
ing erected and the depth of the 
foundation. A job site for a resi- 


Construction 


Equipment 


trenching for foundation foot- 
ings and perhaps holes drilled 
for piers. On a large construction 
project, tons of soil may have to 
beremoved for deep footings and 
foundations, and pilings may 
need to be driven into the ground 
to support the structure. 
Carpenters are often required 
to set up lines and lay out the 
areas for excavation and trench- 
ing. Carpenters may also be 
called upon to verify the correct 
depths during excavation and 
trenching operations. 
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One type of equipment used 
for excavation is a bulldozer, 
which is a crawler-tractor with 
a blade that is mounted per- 
pendicular to the line of travel. 
Bulldozers are used to start ex- 
cavations and to strip rocks and 
topsoil from a job site. Bulldozers 
are also used to move soil exca- 
vated from one part ofthe site to 
another part ofthe site where ad- 
ditional fill is required. See Fig- 
ure 21-1. In addition, bulldozers 
are commonly used to backfill 
soil against a foundation. 


John Deere Construction & Forestry Company. 


dential structure may require a 
small amount of grading and 


Figure 21-1. A bulldozer is used to start excavations and to strip rocks and topsoil 
from a job site. It is also used to move soil from one part of the site to another part. 
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A loader is a wheeled tractor 
with hydraulic arms that control 
a bucket mounted in front. Load- 
ers are used to pick up loose soil 
and rocks and deposit them into 
trucks for removal, and are also 
used for stockpiling aggregate 
materials and backfilling trenches. 
See Figure 21-2. 


ction & Forestry Company 
Figure 21-2. A loader is used to pick up 
loose soil and rocks and deposit them 
into trucks. 


A. grader, or motor grader, is 
used in final grading operations 
for large construction sites to 
level the earth surface. Graders are 
commonly used in road construc- 
tion to ensure the proper roadbed 
grade. The blade of a grader can 
be adjusted to various angles and 
positions. See Figure 21-3. 


An excavatoris used to remove 
soil and deposit it in trucks for 
removal or deposit it elsewhere 
on the job site. Large and small 
models of excavators are avail- 
able. See Figure 21-4. Different 
attachments can be installed on 
an excavator, making it useful for 
general excavation, trenching, 
and loading operations. A power 
shovel is a large excavator used 
to remove large volumes of soil 
from a job site. 

A backhoe loader is a piece of 
construction equipment used for 
digging and loading operations. 
The hoe bucket is used to dig 
trenches for foundation footings 
and the loader bucket is used 
for smaller loading jobs. See 
Figure 21-5. Backhoe loaders 
are equipped with outriggers to 
provide stability during trench- 
ing operations. 


John Deere Construction & Forestry Company 


Figure 21-3. A grader performs final grading operations. Its blade can be adjusted to 
various angles and positions. 


An earth augeris a large power- 
driven drill used to bore holes 
for deep concrete piers or piles. 
See Figure 21-6. Earth augers are 
connected to excavators, back- 
hoes, or cranes, which provide 
power for the augers. 
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Figure 21-4. Excavators remove soil from 
a job site and are available in large and 
small models. 


Figure 21-5. A backhoe loader is used 
for digging and loading operations. The 
outriggers behind the cab are used to 
stabilize the equipment when the backhoe 
bucket is in use. 
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Figure 21-6. An earth auger is a 
power-driven drill used to bore holes for 
deep concrete piers or piles. The belling 
tool attachment to the right of the earth 
auger is used to form belled caissons. 


HOISTING AND LIFTING 
EQUIPMENT 


A well-organized flow of material 
on the job site is important to a 
successful construction project. 
As a structure is erected, whether 
it is a one-story or a high-rise 
building, materials or prefabricat- 
ed sections of the structure must 
be raised and properly placed. 

Before using any type of hoist- 
ing and lifting equipment, the op- 
erator must be properly trained. 
In some situations, operators 
must be certified for each type of 
equipment to be operated. 

An aerial lift is a piece of 
extendable and/or articulating 
equipment designed to position 
personnel and/or materials in 
elevated locations. Self-pro- 
pelled aerial lifts include scis- 
sors, articulating Z-boom, and 
extensible S-boom lifts. The 
work platform of a scissors 
lift is raised and lowered by 
mechanical scissors action us- 
ing an electrical or hydraulic 
power source. See Figure 21-7. 
The work platform or bucket 
of an articulating Z-boom lift 
is raised and lowered through 
two or more hinged sections. 
The work platform or bucket 
of an extensible S-boom lift is 
raised and lowered by use of a 
telescoping arm. 
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Figure 21-7. Self-propelled scissors lifts 
are used to lift personnel to appropriate 
working heights. 


A rough-terrain forklift is a 
heavy-duty lift truck designed 
to traverse the rough terrain of 
construction sites and transport 
and place materials where they 
are required. See Figure 21-8. 
Some forklifts are designed to lift 
and deposit materials up to two 
stories above the ground. 


John Deere Construction & Forestry Company 
Figure 21-8. A rough-terrain forklift is 
designed for rough-terrain construction 
work. 


A telehandler is a piece of 
construction equipment used 
to transport and place materials 
where they are required on the 


job site. Telehandlers typically 
have telescopic arms which pro- 
vide a means of placing materials 
in aremote location, such as on a 
rooftop or upper floor of a small 
building. See Figure 21-9. 


JLG Industries, Inc. 


Figure 21-9. A telehandler uses a telescopic 
arm to place materials in remote locations. 
The outriggers at the front of the telehandler 
provide stability to the equipment. 


Telescopic-boom cranes, Fig- 
ure 21-10, are commonly used 
for placing prefabricated wall 
panels or other materials on 
small construction projects. Tele- 
scopic-boom cranes are typically 
mounted on the back of a truck 
for ease of movement from one 
job site to another. 


Wick Homes 
Figure 21-10. Telescopic-boom cranes are 
typically mounted on the back of trucks 
for easy transportation from one job site 
to another. 


For larger construction projects, 
such as high-rise construction, 
lattice-boom cranes are com- 
monly used to transport and 


place materials. The booms of 
lattice-boom cranes are con- 
structed of a gridwork of steel 
reinforcing members, which pro- 
vide the boom with its strength. 
Lattice-boom cranes are available 
in mobile or stationary models. 
Mobile lattice-boom cranes con- 
sist of a cab housing the power 
unit, the lattice boom, and cables 
that support the boom and hoist 
the load. Mobile lattice-boom 
cranes are moved about on 
crawler tracks or wheels. See 
Figure 21-11. A crane operator in 
the cab operates the boom and ca- 
bles that raise and lower the load. 
Tower cranes are commonly 
used on heavy construction 
projects such as high-rise struc- 
tures. See Figure 21-12. Tower 
cranes are transported in sec- 
tions by truck to a job site where 
the sections are assembled. A 
climbing tower crane is secured 
to the floor ofa high-rise structure 
being erected. The crane is peri- 
odically raised as new floor levels 


are added to the structure. A free- 
standing tower crane is secured 
in a position next to the building 
being erected, with the base of the 
crane bolted to a concrete pad. 
One of the most widely used 
tower cranes employed in the con- 
struction of high-rise structures is 
the inside-climbing tower crane. 
In order for this crane to be used, 
openings must be provided in the 
floor slabs for the tower sections 
of the crane. The entire crane is 
raised with hydraulic jacks. Steel 
collars that rest on the floor slab 
are secured to the tower section 
and support the weight of the 
crane. Additional shoring may 
be required beneath the floor slab 
around the opening. The floor 
openings are filled when they are 
no longer required for the lower 
sections. In some situations, the 
elevator shaft of a building can 
be used as a floor opening, thus 
eliminating the need for addition- 
al floor openings. Inside-climbing 
tower cranes are typically raised 


after the completion of six to eight 
stories of the building. 

When a climbing tower crane is 
no longer required on a job site, 
the crane is dismantled in sec- 
tions and lowered to the ground 
using a derrick. A derrick is a lift- 
ing and lowering unit consisting 
of a vertical mast and swinging 
boom, and is set up on the roof 
of a building. Upon completion 
of the tower crane dismantling, 
the derrick is also dismantled and 
lowered to the ground. 

On small- to medium-size 
construction projects, small self- 
erecting tower cranes are used. 
See Figure 21-13. No other lifting 
equipment is necessary to help 
assemble or disassemble a self- 
erecting tower crane. 


| Figure 21-11 
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Fi 21-11. Mobile lattice-boom cranes are commonly used in heavy construction. A crane operator in the cab controls the boom 
igure 21-11. 5 


and cables. 
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Figure 21-12. Tower cranes may be the climbing or freestanding type. 


Manitowoc Crane Group 


Figure 21-13. Small self-erecting tower 
cranes require no other lifting equipment 
for assembly or disassembly. 


Signaling Crane 
Operators 

Effective communication be- 
tween a crane operator and 
ground personnel is essential to 
ensure safe operation of a crane. 
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In some situations, the crane 
operator may not have a clear 
view of the load being hoisted or 
the final position of the load. 
In addition, a crane operator 
may be hundreds of yards away 
from the load and may depend 
upon ground personnel to 
properly guide the load to its 
final position. 

Two-way radios or other com- 
munications equipment are 
often used to ensure effective 
communication between a crane 
operator and ground personnel. 
Most two-way radios are effec- 
tive up to a distance of two miles. 
However, interference due to lo- 
cation or other operations being 
performed on the job site may 
reduce the range and effective- 
ness of two-way radios. 

ANSI B30.5, Mobile and Loco- 
motive Cranes, includes a set of 
standard hand signals used by 


ground personnel to communicate 
with a crane operator. See Figure 
21-14. Only an experienced and 
designated individual should give 
hand signals. The wrong signal 
may result in damage to materials 
or serious injury to people work- 
ing near the crane. On large con- 
struction projects, there is often 
a person Classified to work with 
the crane operator. On smaller 
construction projects, however, 
the signaling may be performed 
by the trade supervisor. 


CONSTRUCTION 
EQUIPMENT SAFETY 


Construction equipment, such 
as bulldozers and excavators, 
generate a great deal of noise, 
making it difficult to commu- 
nicate verbally with equip- 
ment operators. Therefore, it is 
imperative that carpenters and 
other tradesworkers be alert 
when working around con- 
struction equipment. OSHA 29 ` 
CFR 1926.550, Cranes and Der- 
ricks; OSHA 29 CFR 1926.453, 
Aerial Lifts; and OSHA 29 CFR 
1926.600, Equipment, include 
information about the safe opera- 
tion of construction equipment 
and working around it. Safety 
rules to observe when working 
around construction equipment 
include the following: 


* Do not stand in a confined 
area when loads are being 
raised or lowered. Ensure 
there is a safe escape route 
if lifting equipment should 
fail. 

Riding on a load or sling at- 
tached to the cable ofa crane 
is not permitted. 
Carpenters and other trades- 
workers must be kept clear 
of loads about to be lifted 
and suspended loads. 

Be alert for material that 
may fall while being raised 
or lowered by the crane. 

Do not walk under a forklift 
or material handler. 


* Stay clear of an operating 
crane and do not walk in the 
line of travel of a crane. 


When signaling crane op- 
erators, keep signals in one 
place. If the signaler's gloves 
and clothing are similar color, 
make the signals away from 
the body where a crane op- 
erator can easily see them. 


Adequate clearance must be 
maintained between moving 
and rotating structures ofa crane 
and fixed objects to allow pas- 
sage of workers without harm. 


| Hand Signals for Crane Operators 


Figure 21-14 


| HOIST. WITH LOWER. WITH AUXILIARY LOWER BOOM. - 
| FOREARM ARM EXTENDED TAP FIST ON Isa TAP ; ARM EXTENDED, ARM EXTENDED, 
" VERTICAL, DOWNWARD, HEAD; THEN USE CU WITH FINGERS FINGERS 
FOREFINGER FOREFINGER REGULAR ONE HAND: THEN CLOSED, THUMB CLOSED, THUMB 
POINTING UP, POINTING SIGNALS. USE REGULAR | POINTING UPWARD. | POINTING DOWN. 
MOVE HAND IN DOWN, MOVE SIGNALS. 
SMALL HAND IN SMALL à 
HORIZONTAL HORIZONTAL 


CIRCLES. CIRCLES. 


USE MAIN HOIST. 


* Accessible areas within the 
swing radius of the rear of 
a crane must be barricaded 
to prevent workers from 
being struck or crushed by 
a crane. 


* Wear a harness and attach 
a lanyard to an approved 
anchorage point on the work 
platform when working from 
an aerial lift. Do not attach the 
lanyard to an adjacent pole, 
structure, or equipment. 


* Do not sit or climb on the 
edge of an aerial lift basket 


or on the rails of an elevated 
work platform. 


For overhead electrical lines 
rated 50 kV or less, the mini- 
mum clearance between the 
lines and any part ofthe aerial 
lift, crane, or load is 10'. For 
overhead lines rated over 
50 kV, the minimum clearance 
between the lines and any part 
ofthe aerial lift, crane, or load 
is 10’ plus 0.4" for each 1 kV 
over 50 kV, or twice the length 
ofthe line insulator, but never 
less than 10’. 


USE WHIPLINE 


i RAISE BOOM. 


EMERGENCY STOP. 
BOTH ARMS 
EXTENDED, PALMS 


MOVE SLOWLY. SWING. ARM 


— 7 SO ARM Y DOWN. MOVE BOTH 
USE ONE HAND TO | EXTENDED, POINT | EXTENDED, PALM | ARMS RAPIDLY 
ERE te AND RAISE LOAD. GIVE ANY MOTION | WITH FINGER IN DOWN, HOLD BACK AND FORTH 
WITHARM WITH ARM SIGNAL AND PLACE | DIRECTION OF POSITION RIGIDLY. | HORIZONTALLY. 
EXTENDED EXTENDED, OTHER HAND SWING OF BOOM. 
THUMB POINTING | THUMB POINTING MEA oe 
UP, FLEX FINGERS | DOWN, FLEX FRONT O Apt 
IN AND OUT AS FINGERS IN AND GIVING 2d Mer Ae 
LONG AS THE OUT AS NE Ie | 
.LOAD MOVEMENT | LOAD MO 
IS DESIRED. EXAMPLE.) 


IS DESIRED. 


TRAVEL (BOTH 


TRAVEL (ONE 


RETRACT BOOM. TRAVEL. ARM i TRACKS). BOTH TRACK). LOCK 
BOTH FISTS IN EXTENDED FISTS IN FRONT OF | TRACK ON SIDE 
. BOTH FISTS IN FRONT OF BODY FORWARD, HAND BODY, USING A INDICATED BY 
FRONT OF BODY WITH THUMBS OPEN AND CIRCULAR MOTION | RAISED FIST. TRAVEL 
' WITH THUMBS POINTING SLIGHTLY RAISED, | TO INDICATE OPPOSITE TRACK IN 
$t. POINTING TOWARD EACH MAKE PUSHING DIRECTION OF DIRECTION 
DOG OUTWARD. OTHER. MOTION IN TRAVEL. (FOR INDICATED BY 
EVERYTHING. (TELESCOPIC (TELESCOPIC DIRECTION OF LAND CRANES CIRCULAR MOTION 
M. BOOMS ONLY.) BOOM ONLY.) TRAVEL. ONLY.) OF OTHER FIST. 


Figure 21-14. Proper hand signals must be used to effectively communicate with a crane operator. 
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afe work practices are re- 

quired at a job site to 

minimize the potential for 
injury. The Occupational Safety 
and Health Administration 
(OSHA) requires all employers 
to provide a safe environment 
for employees. A safe environ- 
ment is free of hazards and has 
precautions in place to protect 
employees. 


Employers are responsible for 
safety training and for ensuring 
that employees follow OSHA 
regulations. Many large con- 
tractors have a comprehensive 
orientation program to familiar- 
ize employees with applicable 
safety regulations and company 
standards. Safety meetings and/ 
or toolbox talks are frequently 
conducted to discuss current 
safety topics and address em- 
ployee safety concerns. 

In late 2007, OSHA announced 
a final rule on employer-paid 
personal protective equipment 
(PPE).* The rule provides that 
all PPE must be purchased by 
the employer when used by the 
worker to comply with one of 
the OSHA PPE requirements. 
Personal protective equipment 
excluded from the rule includes 
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/ and Working 


77 Conditions 


safety toe footwear, prescription 
safety eyewear, and weather- 
related work gear. 


WORKER 
RESPONSIBILITIES 


Workers must report accidents 
and safety hazards to the em- 
ployer or supervisor. Workers 
must practice job site safety at 
all times and wear appropriate 
personal protective equipment. 
If injuries occur, medical as- 
sistance should be immediately 
obtained. 

All companies establish a 
substance abuse policy that 
maintains a safe working en- 
vironment and promotes high 
work standards. Substance 
abuse policies prohibit work- 
ers from working while under 
the influence of illegal drugs, 
alcohol, or other controlled 
substances. Failure to comply 
with an established substance 
abuse policy may result in seri- 
ous injury and/or employment 
termination. 

Experience has proven that 


most accidents can be pre- 4 


vented by proper safety prac- 
tices. Various studies stress the 

following facts: 
* Strain or overexertion is 
the most common injury 


d are in the Code of Federal 


QN PTT 
ah - < 
4 Ji 


a RIT 


suffered by construction 
workers. 

Slips or falls from elevated 
work surfaces and ladders 
account for nearly one-third 
of construction injuries. 
Worker injuries resulting 
from use of machines and 
tools, or from a worker being 
struck by a tool or machine, 
account for one-fourth of 
injuries reported. 

The most common cause 
of death from job site ac- 
cidents involves falls from 
elevations such as upper 
building levels. 


PERSONAL PROTECTIVE 
EQUIPMENT 


Personal protective equipment 
(PPE) is used to protect against 
safety hazards on a job site. PPE 
includes protective clothing, 
head protection, eye and face 
protection, hearing protection, 
hand and foot protection, back 
protection, knee protection, and 
respiratory protection. 


| OSHA regulations for construction 


Regulations (CFR), Title 29, Part- 
1926. Individual regulations are 
identified as 29 CFR 1926.section ` 


number. MM 


Hilti, Inc. 


Appropriate personal protective equipment (PPE), including head and eye protection, 
must be worn to protect against safety hazards on a job site. 


Protective Clothing 


Protective clothing made of du- 
rable material, such as denim, 
provides protection from contact 
with sharp objects, hot equipment, 
and harmful materials. Protective 
clothing should be snug, yet pro- 
vide ample movement. Pockets 
should allow convenient access, 
but should not snag on tools or 
equipment. Loose-fitting clothing 
and long hair must be secured, 
and jewelry must be removed to 
prevent its getting caught in rotat- 
ing equipment. Metallic watches 
and rings should not be worn 
since serious injury may result if 
contact is made with an energized 
electrical circuit. 


Head Protection 


OSHA 29 CFR 1926.100, Head 
Protection, mandates that work- 
ers wear protective helmets, 
or hard hats, in areas where 
there is the potential for head 
injury from impact, falling and 
flying objects, and electrical 
shock. See Figure 22-1. Many 
contractors require protective 
helmets to be worn at all times 
on a job site. Protective helmets 
resist penetration and absorb 
impact force. Protective helmet 
shells are made of durable, 


lightweight material. A shock- 
absorbing lining consisting of 
crown straps and headband keeps 
the shell away from the head to 
provide ventilation. 


Hilti, Inc. 


Figure 22-1. Protective helmets provide 
head protection by resisting penetration 
of falling or flying objects and absorbing 
the impact force of the objects. 


Eye and Face Protection 


Proper eye and face protection 
must be worn to prevent eye or 
face injuries caused by flying par- 
ticles such as wood chips, metal 
particles, and chemicals. Eye and 
face protection are detailed in 
OSHA 29 CFR 1926.102, Eye and 
Face Protection. 

Eye and face protection includes 
safety glasses, face shields, and 
goggles. Safety glasses have spe- 
cial impact-resistant glass or 


plastic lenses, reinforced frames, 
and side shields. Frames are 
designed to keep the lenses se- 
cured in the frame if an impact 
occurs. Face shields cover the 
entire face with a plastic shield, 
and are used for protection 
from flying objects or splashing 
liquids. Goggles have a flexible 
frame and are secured on the 
face with an elastic headband. 
See Figure 22-2. Goggles must 
fit snugly against the face to seal 
the areas around the eyes, and 
may be used over prescription 
glasses. For general operations, 
goggles with clear lenses are 
typically worn. For welding and 
cutting operations, tinted lenses 
are required to protect against 
ultraviolet (UV) rays. 


Figure 22-2. Safety glasses and welding 
helmets provide worker eye protection. 


Hearing Protection 

Power tools and equipment can 
produce excessive noise levels. 
Carpenters subjected to excessive 
noise levels may develop hearing 
loss over a period of time. The 
severity of hearing loss depends 
on the noise intensity and the 
duration of exposure. Noise in- 
tensity is expressed in decibels. 
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See Figure 22-3. Per OSHA 29 
CFR 1926.101, Hearing Protec- 
tion, ear-protection devices must 
be worn when it is not feasible to 
reduce the noise intensity or dura- 
tion of exposure. Ear-protection 
devices inserted in the ears, such 
as earplugs, must be fitted or deter- 
mined individually by a competent 
person. Cotton is not acceptable 
hearing protection. 

Earplugs are made of mold- 
able rubber, foam, or plastic, and 
are inserted into the ear canal. 
Earmuffs are worn over the ears. 
A tight seal around an earmuff 
is required for proper hearing 
protection. 


Hand and Foot Protection 


Hand protection, such as gloves, 
is required to prevent injuries to 
hands caused by cuts or chemical 
absorption. The appropriate hand 
protection is determined by the 
duration, frequency, and degree 
of the hazard to hands. Gloves 
are recommended when install- 
ing insulation and when mixing 
and applying certain adhesives. 


OSHA 29 CFR 1910.138, Hand 
Protection, details the use of 
hand protection. 
Foot injuries are typically 
caused by objects falling less than 
4’ and having an average weight 
of 65 lb. Safety shoes with rein- 
forced steel toes protect against 
injuries caused by compression 
and impact. See Figure 22-4. 
Some safety shoes have protec- 
tive metal insoles and metatarsal 
guards for additional protection. 
Metatarsal guards protect the 
area of the foot between the toes 
and ankle. Protective footwear 
must comply with ANSI Z41, 
Personal Protection—Protective 


Footwear. 


Figure 22-4. Safety shoes with reinforced 
steel toes provide foot protection. 


en a 


— 2 


SOUND LEVELS 


140 Deafening 
130 Pain threshold 
120 Feeling threshold 


Jet airplane taking off, air raid siren, locomotive horn 


Telephone ringing, loud talking 


1 10 Uncomfortable v 

100 Very loud Chain saw - : 

P 90m . Noise » Shouting, air horn - * 
80 ~“ Moderately loud Vacuum cleaner i 
70 Loud 
60 Moderate . Normal conversation 
50 Quiet Hair dryer. 


40 - Moderately quiet s 
30. Very quiet - 
a0 Fah 
10 Barely audible 
0. Hearing threshold 
*in dB 


Refrigerator running _ i : 
Quiet conversation, broadcast studio 

Whispering ch - " 

Rustling leaves, soundproof room, human breathing a 
Intolerably quiet... 


Figure 22-3. The severity of hearing loss depends on the intensity level of the noise 
(measured in decibels) and the duration of exposure. Protection against the effects of noise 
exposure is required when average sound levels exceed 90dB over an 8 hr period. 
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Back Protection 


Back injury is one of the most 
common injuries resulting in 
lost time. Most back injuries are 
the result of improper lifting 
techniques. Back injuries are pre- 
vented through proper planning 
and lifting technique. Assistance 
should be sought when moving 
heavy objects. When lifting objects 
from the ground, ensure the path 
is Clear of obstacles and free of haz- 
ards. See Figure 22-5. Bend the 
knees and grasp the object firmly. 
Next, lift the object, straightening 
the legs and keeping the back 
as straight as possible. Finally, 
move forward after the whole 
body is in the vertical position. 
Keep the load close to the body 
and steady. 


Knee Protection 


Carpenters who spend consider- 
able time working on their knees, 
such as floor layers, should wear 
knee pads. Knee pads are rubber, 
plastic, or leather pads strapped 
onto the knees for protection. 
Buckle straps or Velcro™ closures 
secure knee pads in position. 


Respiratory Protection 


Respiratory protection is re- 
quired to protect against airborne 
hazards. Harmful vapors, dusts, 
particles, fumes, mists, or gases 
may be encountered on a job site 
due to the use of cleaners and 
solvent cements or from sawing 
or drilling operations performed 
by tradesworkers. The degree of 
risk from exposure to any given 
substance depends on the nature 
and potency of the substance and 
the duration of exposure. 


| Proper Lifting Technique 1 
' Figure 22-5 — 


, (1) Bend knees and grasp object firmly. 


KEEP BACK 
STRAIGHT 


o Lift object by straightening legs. 


Move forward after whole bodyisin . 
vertical position. - : 


Figure 22-5. Use the proper lifting procedure to avoid back injury. 


OSHA 29 CFR 1926.103, Re- 
spiratory Protection, details 
respiratory protection require- 
ments. When harmful airborne 
substances are present on a 
job site, engineering control 
measures, such as enclosure of 
the operation, ventilation, and 
substitution of less-toxic sub- 
stances, should be undertaken. 
If proper engineering control 
measures are not feasible, appro- 
priate respiratory protection must 
be used. The respiratory protec- 
tion required is determined by 
the type of airborne hazard. See 
Figure 22-6. 


Figure 22-6. The respiratory protection 
required is determined by the type of 
airborne hazard. The particulates mask 
shown here provides protection against 
airborne fiberglass particles. 


SAFE WORK HABITS 


Many accidents can be prevented 
by safe work habits including the 
following: 

e When working on an el- 
evated surface, do not place 
tools where they may fall 
and injure another worker 
below. 

e Always watch where you 
step. 

* Look out for the safety of 
other workers as well as your 
own safety. 

* Do not engage in horseplay 
on the job. 


GOOD HOUSEKEEPING 


Hazards on a job site may be 
caused by general sloppiness, 
poor organization, and careless 
storage of materials. OSHA 29 
CFR 1926.25, Housekeeping, 
details good housekeeping prac- 
tices on a job site. Rules for good 
housekeeping are as follows: 


e Keep scrap lumber cleared 
from work areas, passage- 
ways, and stairs. Clinch or 
pull out protruding nails. 

e Ensure areas within 6’ of a 
building under construction 
are reasonably level. Pro- 
vide walkways at convenient 
places to bridge ditches. 


* Keep material storage areas 
free of obstructions and 
debris. 

e Stack materials in such a 
way that they will not fall, 
slip, or collapse. Lumber 
piles should not exceed 8’ 
in height if the lumber is to 
be handled manually, or 20’ 
if it is to be handled with 
equipment such as a forklift 
or telehandler. 
Maintain well-defined pas- 
sageways and walkways on 
a job site. Keep passageways 
and walkways well lit and 
free of tripping hazards. 
* Use clean-up crews to pe- 
riodically remove all waste 
materials from the job site. 
Store tools and equipment 
not being used in chests or 
tool sheds. 
Remove slush or snow from 
work areas or walkways be- 
fore it turns into ice. Slipping 
can be reduced by spread- 
ing sand, gravel, cinders, or 
other gritty material over the 
work areas. 


ELECTRICAL SAFETY 


Improper procedures with elec- 
trical tools and equipment can 
result in an electrical shock. 
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Electrical shock is a condition 
that results when a body becomes 
part of an electrical circuit. 
Safe work habits and use of 
proper PPE are required to 
prevent electrical shock when 
working with or in proximity to 
electrical devices. 

The severity of electrical 
shock depends on the amount 
of electrical current, measured in 
milliamps (mA), that flows 
through the body; the length of 
time the body is exposed to the 
current flow; the path the current 
takes through the body; and the 
physical size and condition of the 
body through which the current 
passes. See Figure 22-7. 


ELECTRICAL SHOCK 
EFFECTS | 
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*in mA 
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Figure 22-7. Effects of electrical shock 
vary depending on the amount of current, 
the length of time the body is exposed to 
the current, the path the current takes 
through the body, and the physical size 
and condition of the body. 
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Extension Cords 


An extension cord is used to 
supply power to portable electric 
tools and equipment. Heavy- 
duty, three-wire extension cords 
must be used for tools and equip- 
ment to operate properly. When 
selecting an extension cord for 
use, wire (conductor) diameter 
and length are the key factors 
to consider. A wire with a small 
diameter has greater resistance 
and cannot carry as much power 
as a wire with a larger diameter. 
A smaller gauge number indi- 
cates larger diameter wire. For 
example, 12-ga wire has a larger 
diameter than 16-ga wire. 

An extension cord that is too 
long for an application can create 
a voltage drop along its length. 
Voltage drop is another type of 
resistance, which impedes the 
flow of power through the exten- 
sion cord. The farther electricity 
travels from its source, the larger 
the voltage drop. To reduce volt- 
age drop, always use the shortest 
extension cord possible for the 
application. 

When selecting the extension 
cord to be used for an application, 
consider the tools or equipment to 
be connected and their nameplate 
amperage rating. For example, if a 
drill that draws 5.5 A and a sander 
that draws 4 A are to be connected, 
a 50' extension cord with 14-ga 
conductors could be used. See 
Figure 22-8. In most cases, 15 A or 
less should be drawn through an 


extension cord. 


OSHA 29 CFR 1926.405, Wir- 
ing Methods, Components, and 
Equipment for General Use, de- 
tails safe work practices related to 
extension cords. Visually inspect 
extension cords each day for exter- 
nal damage such as deformed or 
missing prongs, damaged insula- 
tion, or indications of possible in- 
ternal damage. Safety precautions 
to observe when using extension 
cords include the following: 

* Extension cords should be 
kept away from high heat 
areas. 

* Always uncoil an extension 
cord during use to properly 
dissipate heat from the cord. 
Carefully remove an exten- 
sion cord plug to avoid 
breaking the internal wire 
connection. 

* Do not use frayed extension 

cords and do not use electri- 

cal tape to make repairs. 

Extension cords must be of 

the three-wire type, which 

have a grounding conductor 
and ground prong. 

Protect extension cords that 

pass through doorways or 

other pinch points from 
damage. 

* Extension cords should 
not be run through holes in 
walls, ceilings, or floors. 

* Do not conceal extension 

cords behind walls, ceilings, 

or floors. 

Extension cords should not 

be hung from nails or wire, 

or fastened with staples. 
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Figure 22-8. Select an extension cord with the a ppropriate length and amperage rating. 


MATERIAL HANDLING 


Material handling involves the 
rigging, lifting, and transporting 
of a load by mechanical means. 
Materials such as glulam beams 
and roof trusses must be proper- 
ly transported around a job site 
and placed without damaging 
the materials. Safety procedures 
must be followed to ensure the 
safety of operators and other 
workers moving materials. 


Rigging 

Rigging is securing equipment 
or materials in preparation for 
lifting by means of rope, cable, 
chain, or web sling, Figure 22-9. 
Loads must be balanced to en- 
sure safe lifting. Rope slings are 
commonly used for lifting light- 
to medium-weight loads, and for 
lifting lightweight loads a long 
distance. Cable and chain slings 
are used to lift medium to heavy 
loads. Web slings are commonly 
used to lift wood structural 
members since the slings are 
less likely to gouge or otherwise 
damage the members. 

Rigging equipment must be 
inspected prior to use and as 
necessary during use to ensure 
worker safety. Additional rigging 
regulations are located in OSHA 
29 CFR 1926.251, Rigging Equip- 
ment for Material Hoisting. 


Symons Corp. 


Figure 22-9. Large or heavy loads may 
require specialized rigging equipment. 


A tag line may be attached to 
the load to help control the load. 
Holding the tag line at an angle to 
the load is essential for effective 
use of a tag line. A tag line can 
only control a load in the direc- 
tion in which the line is pulled. 

When the load is properly 
rigged, check the rigging by lifting 
the load 6" to 12" off the ground 
and briefly pausing to ensure 
that the load is properly secured 
and balanced. Check the load 
for loose items such as tools or 
fasteners used to secure the load. 
Additional safety rules to follow 
when rigging and lifting a load 
include the following: 

* Loads should be well se- 
cured. 

e Slings should be selected 
based on the weight of the 
load and type of material 
being lifted. 

e Slings should not contain 
any kinks or knots. 

e Obstructions in the lifting 
or traveling path should be 
removed prior to the lift. 

* Loads should not pass over 
the heads of workers—clear 
the area of workers prior to 
the lift. 

e Always wear a hard hat 
when involved in a lift. 


Rigging Equipment Storage. 
Proper care, use, and storage 
of rigging equipment prevents 
property damage and ensures 
worker safety. Rope, web cable, 
and chain slings must be kept 
in a clean and dry area, away 
from harmful fumes or heat. 
Synthetic webbing and natural 
fiber rope should be stored out 
of sunlight and away from areas 
used for arc welding. 

Kinking is prevented when 
slings are neatly hung from racks 
or long rope is rolled onto spools. 
Slings or sling components must 
not be run over by construction 
equipment, or placed where 
heavy loads may be set on them. 
Avoid dragging slings over abra- 
sive surfaces or sharp objects. 


Hoisting 

Hoisting is the lifting of equip- 
ment or materials by mechanical 
means. Equipment and materials 
are frequently hoisted to upper 
floors of a building using powered 
lifting equipment such as forklifts 
or telehandlers. Workers must 
attend training prior to operating 
a forklift or telehandler and have 
their performance checked at least 
once every three years. 

OSHA 29 CFR 1910.178, Pow- 
ered Industrial Trucks, and ANSI 
B56.1, Powered Industrial Trucks, 
provide information regarding 
the safe operation of forklifts 
or telehandlers. Several factors 
must be considered when op- 
erating a forklift or telehandler, 
including the following: 


e type of surface 

e type of load and stability 

* load manipulation required 

* equipment and pedestrian 
traffic 


The surface on which a forklift 
or telehandler operates must be 
stable enough to support the lift 
and load. See Figure 22-10. Wet, 
rough, or uneven surfaces should 
be carefully crossed at an angle. 
The safe operating speed ofa fork- 
lift or telehandler is equivalent to 
a brisk walking pace. Load size 
should be kept as small as possible 
when performing a high lift, when 
the load is irregularly shaped, or 
when the travel route includes 
ramps or uneven surfaces. 


JCB ne 
Figure 22-10. The surface on which a 
telehandler operates must be stable enough 
to support the lift and the load. A load 
should be kept low when transporting it. 
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When transporting or raising 
and lowering loads, ensure the 
area is clear of other workers. 
Never turn or travel with an ele- 
vated load. When transporting a 
load, position the forks as close 
to the ground as possible—1” to 
2" at the heel of the forks and 4" 
to 5" at the tips, with the load 
resting against the mast. If it is 
necessary to clear an obstacle, 
lift the load high enough to clear 
the obstacle and then lower it as 
soon as possible. 

Forklifts and telehandlers 
must be operated safely to en- 
sure worker safety and prevent 
property damage. Safety precau- 
tions to observe when operating 
a forklift or telehandler include 
the following: 


* Ensure there is adequate 
overhead clearance when 
placing a load on a stack, 
and that the lift is fully 
stopped before raising or 
lowering the load. 

Adhere to standard driving 
practices and exercise cau- 
tion when turning. Check 
over both shoulders before 
moving in reverse. 

Stop completely before shift- 
ing to reverse; do not use 
reverse as a brake. 

e Do not hoist loads that exceed 
the rated capacity ofthe lift. 
Perform a safety inspection 
of a lift at the start and end 
of each shift. 

Do not allow anyone to ride 
on any part of a forklift. 
Lower forks to ground level 
when parking. 

Keep arms and legs inside a 
lift, and keep head, hands, 
and feet out ofuprights when 
the machine is operating. 
Perform a daily inspection 
of a forklift or telehandler, 
including a walk-around. 
When climbing into a forklift 
or telehandler, always main- 
tain three-point contact with 
the machine—two hands 
and one foot or two feet and 
one hand. 
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HAZARDOUS MATERIALS * 


A hazardous material is capable 
of posing a risk to health, safety, 
and property. Materials such as 
epoxies and solvent cements are 
classified as hazardous materials. 
OSHA 29 CFR 1910.1200, Hazard 
Communication, details hazard 
communication requirements. 
Hazard communication is based 
ona worker's Right To Know (RTK) 
of potential hazards when work- 
ing with certain materials. 

Employers must develop, im- 
plement, and maintain a written, 
comprehensive hazard com- 
munication program that includes 
provisions for container labeling, 
material safety data sheets, chemi- 
cal inventory, and an employee 
training program. The hazard com- 
munication program also includes 
a list of hazardous inaterials on 
the job site. Information must be 
provided in a language or manner 
that employees understand. 


Container Labeling 


Hazardous material containers 
must have a label, which should 
be examined before using the 
product. Specific hazards, precau- 
tions, and first-aid information are 
listed on the label. Material stored 
in a different container than it was 
originally shipped in must also 
be properly labeled. Unlabeled 
containers pose a safety hazard 
Since users are not provided with 
content information and warn- 
ings. Container labeling varies 
with each manufacturer. However, 
all container labels must include 
basic RTK information. 


Material Safety Data 
Sheets 


A material safety data sheet 
(MSDS) is used to relay hazard- 
ous material information from 
the manufacturer, importer, Or 
distributor to the worker. The 
information is listed in English, 
provides precautionary informa- 
tion regarding proper handling, 
and includes emergency and 


first-aid procedures. See Figure 
22-11. All hazardous materials 
used on a job site must be inven- 
toried and have an MSDS on file. 
Carpenters should become famil- 
iar with the MSDS ofany hazard- 
ous materials to which they are 
exposed. An MSDS includes the 
following information: 


* manufacturer information 

* product information 

* hazardous ingredients and 
identity information 

* physical and chemical char- 
acteristics 

* fire and explosion hazard 
data 

* reactivity data 

* health hazard data 

* spill or leak procedures 

* safe handling and use infor- 
mation 

* special precautions 


Hazardous Material 
Disposal 


Construction companies com- 
monly dispose of hazardous 
materials when their shelf life 


has expired or if they have be- 
come Contaminated with other 


substances. Hazardous materials 

become hazardous waste when 

the materials are disposed of. In 

1986, the Resource Conservation - 
and Recovery Act (RCRA) regu- 

lations covering small-quantity 

generators of hazardous waste 

went into effect. Disposal options 

typically include transporting 

hazardous waste to an approved 

disposal site or contracting with 

a firm to pick up and dispose of 
hazardous material. 


Carcinogens 

A carcinogen is a hazardous ma- 
terial at a job site that can cause 
cancer. Check the container label 
or MSDS sheet of a hazardous 
material to determine if it is car- 
cinogenic. Personal protective 
equipment is required if control 
measures at the job site do not 
reduce exposure to the carcinogen 
to appropriate levels. 


Data Sheets 


Figure 22-11 


Fastener Chemical Co. 


2929 W. Industrial Dr. : 
Lincoln, 1A 61614. Material Safety Data Sheet 


Section ! — Product Information 


PRODUCT NAME: 
Fastener Epoxy 

PRODUCT CLASS: 

__ Epoxy 

DOT INFORMATION: 

Amines, Liquid, Corrosive 


EMERGENCY TELEPHONE NUMBER: 
(555) 434-4414 

TELEPHONE NUMBER FOR INFORMATION: 
(555) 344-4144 

DATE PREPARED: 
2/22/03 


HAZARDOUS COMPONENTS. CAS NUMBER OSHA PEL ACHIH TLV % 
Component A: 

Modified Bisphenol A 25068-38-6 N/E NE >80% 
Talc à 14807-96-6 5 mg/m? 5 mg/m <10% | 
Coated Calcium Carbonate 1317-65-3 5 mg/m? 10 mg/m* <10% 
Zinc Oxide 1314-132 5 mo/ms 5 mg/m? — «1096 
Component B: 

2,4,6—Triphenol 90-72-2 10 mg/m? 5 mg/m? <5% 
Coated Calcium Carbonate 1317-65-3 10 mg/m? 5 mg/m? >20% 


Component A contains detectable amounts of a chemical known to the State of California to cause birth 
defects/cancer or other reproductive harm. 


Section lil—Physical/Chemical Characteristics 


Boiling Point (^F) N/E Specific Gravity (H,O = 1) A: 1.13 
Vapor Pressure (mmHg) — N/E B: 1.64 
Vapor Density (Air = 1) >1 Melting Point N/E 
Solubility in Water Insoluble Evaporation Rate (Ether =1) >1 


APPEARANCE AND ODOR: 
A; White gel, mild odor. B: Gray gel, characteristic odor 


Section IV—Fire and Explosion Hazard Data 


Flash Point (Method Used): >200°F (Cleveland Open Cup) 
Flammable Limits: LEL: N/E UEL: N/E 
_ Extinguishing Media: "- . | Foam, CO,, Water Fog 
Special Fire Fighting Procedures: | None 


- a: — —_—4 
Unusual Fire and Explosion Hazards: None. —void breathing smoke. 


Section V—Reactivity Data 


Stability: Stable 
Incompatibility (Materials to Avoid): 


Conditions to Avoid: None 

Strong Oxidizers, Strong Bases 

CO, CO,, NO 

Conditions to Avoid: Fires when curing. 


Hazardous Decomposition or Byproducts: 
Hazardous Polymerization: None 


Section Il — Hazardous Ingredients/Identity Information | 


Section Vi — Heaith Hazard Data 


Carcinoginicity: No NTP? No IARC? No OSHA Regulated? No 
Effects and Hazards of Overexposure (Acute and Chronic): 


Eyes: May produce Irritation, sensitization 
Skin: May produce irritetion, sensitizetion 
inhalation: May produce irritation, sensitization 


Ingestion: May produce Irritation, sensitization ) 

Emergency and First Aid Procedures: Remove eny contamineted clothing. 

Eyes: Flush immediately with large amounts of water for at least 15 minutes. Contact physician 
Immediately. 

Skin: Remove epoxy from skin immediately with a dry cloth or paper towel. Wash area of 
contact thoroughly with soap and water, solvents should not be used since they carry 
the irritant into the skin. 


| 
| 
I 
| 


Inhalation: If respiratory irritation occurs, go to fresh air, Flood work area with fresh air. If irritation 
continues, seek medical attention. 
| Ingestion: Not expected. Contact immediate medica! attention, Untrained first aid personnel 
should not attempt to administer first aid. 
| Cotten tiated: CIotrhog €vowld bt woe! dot Vc Deaf 


Section VII — Spill or Leak Procedures 


Steps to be taken in case material Is spilled or leaked: 
Waste Disposal Method 


Bind with absorbent material 
Per local, state, and federal regulations 


Section Vill—Safe Handling and Use Information 


NIOSH/MSHA-approved respirators should be provided and worn 

if ventilation is inadequate. All workers required to use respiratory 
protection should be trained in their proper selection, use, and care. 
Recommended 

Recommended 

Recommended when local end mechanical ventilation is inadequate 
Recommended 

Recommended 

Recommended; splash bib with protective clothing. 

Remove end wash contaminated clothing. Wash hands before 
eating or smoking. 


Respiratory Protection: 


Ventilation (local): 
Ventilation (mechanical): 
Ventilation (special): 
Protective Gloves: 

Eye Protection: 

Other Protective Equipment: 
Work/Hyglenic Practices: 


Section IX—Special Precautions 
Handling Precautions: 


Store in cool, dry location. Do not allow material to freeze. Store 
away from sparks and open flames. 

Other Precautions: None 

Disclaimer of Warranties: Neither manufacturer or seller have any knowledge or control concerning purchaser's use of 
product. No expressed warranty is made by manufacturer or seller with respect to Ihe results of any use of product or 
container that product comes in. No implied warranties including, but not limited to, an implied warranty of merchantability 
or an implied warranty for fitness lor a particular purpose are made with respect to the product. Neither manufacturer or 
seller assume any liability for personal injury, loss or damage resulting from use of product. In the event that the product 
shall prove defective, seller or manufacturer shall replace a quantity of the product proved to be defective or refund the 


purchase price of the product upon return of the product. 


Figure 22-11. All hazardous materials on a job site must be inventoried and have a material safety data sheet. Vital information, such 


as proper handling and first-aid information, is included on a material safety data sheet. 


PPE for carcinogenic substanc- 
es is determined by evalutating 
the means the substance can 
enter the body. PPE for airborne 
carcinogenic substances ranges 
from disposable particulates 
masks to respirators, depending 
on particle size. If the substance 
is absorbed through the skin, 
PPE may range from appropriate 
gloves to a sealed full body suit. 


Asbestos 

Asbestos is a mineral that has 
long, silky fibers in a crystal for- 
mation, and was a component of 
many building materials includ- 
ing fireproofing, siding, and tile 
installed until the late 1980s. 
Products manufactured with 
asbestos release asbestos fibers into 
the air when the product crumbles 
or is crushed. Airborne asbestos 
fibers range in size from .1p to 
10p, and are odorless and tasteless. 
Asbestos fibers can stay suspended 
in air for long periods. 


Products containing asbestos 
may be encountered in remodel- 
ing jobs. Inhalation of asbestos fi- 
bers may cause asbestosis, which 
isa respiratory disease caused by 
inhaling asbestos fibers and that 
results in scar tissue forming in 
the lungs. Workers are not al- 
lowed to enter areas where they 
may be exposed to asbestos or 
lead unless they have the proper 
training and are wearing the 
appropriate PPE. 


Lead 


Lead is a heavy and dense mate- 
rial with a low melting point, 
low strength, and high rate of 
expansion. Lead-based paint is a 
common source of lead poisoning, 
and cannot be recognized by the 
human eye. Only workers trained 
in lead removal are permitted to 
remove lead-based paint. Material 
covered with lead-based paint that 
is cut, sanded, heated, or burned 


releases lead into the air. Lead is 
toxic if swallowed or inhaled. Ex- 
posure to lead may cause brain and 
neurological damage. Guidelines 
to minimize lead exposure include 
the following: 


* Do not eat or drink in the 
hazardous work area. 

e Wear an appropriate respira- 
tor to prevent inhaling lead. 

* Cover and seal cabinets 
and surfaces that cannot be 
removed from a hazardous 
work area. 

* Clean up solid debris using 
special vacuum cleaners with 
high-efficiency particle absorp- 
tion (HEPA) filters. Wet-mop 
the area after vacuuming. 

* Dispose of protective clothing 
(jump suits) worn in the haz- 
ardous work area after com- 
pleting the cleanup operation. 
Soiled protective clothing 
must not be worn in other 
areas of a job site or home. 
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Concrete Dust 


Concrete sawing and grinding, 
Figure 22-12, abrasive blasting of 
concrete, demolition of concrete 
structures, dry sweeping or pres- 
surized air blowing of concrete, 
and concrete mixing produce dust 
containing crystalline silica parti- 
cles. Crystalline silica, also known 
as quartz, is a natural compound 
found in the earth's crust and is 
a basic component of sand and 
granite. Silicosis is a lung disease 
caused by inhaling dust containing 
crystalline silica particles. As dust 
containing crystalline silica par- 
ticles is inhaled, scar tissue forms 
in the lungs, which reduces the 
ability of the lungs to extract oxy- 
gen from the air. Since there is no 
cure for silicosis, exposure preven- 
tion is the only means of control. 
Disposable particulates masks are 
required when crystalline silica 
particles are present in the air. 


Figure 22-12. Proper respiratory protection 
must be worn when working around 
concrete sawing or grinding operations. 
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Gypsum Board 

Gypsum board (drywall) cutting 
and sanding operations produce 
airborne crystalline silica par- 
ticles. The particles may cause 
irritation to skin, eyes, and/or re- 
spiratory tract. Prolonged exposure 
may cause silicosis. Appropriate 
respiratory protection is required 
when crystalline silica particles are 
present in the air. 


Insulation 


Cutting and installation of cellu- 
lose, foam, or fiberglass insulation 
may produce particles and result 
in potential health risks. Cellulose 
insulation may cause irritation or 
abrasion of the mouth and throat, 
headaches, nausea, dizziness, and 
difficulty in breathing if inhaled. 
Contact with eyes causes irritation 
and tearing. 

Foam insulation may cause ir- 
ritation to the respiratory tract if 
inhaled. Repeated exposure may 
cause lung damage. Contact with 
eyes causes irritation or corneal 
injury from abrasion. 

Fiberglass insulation may cause 
headaches, nausea, dizziness, 
and difficulty in breathing if in- 
haled. Contact with eyes causes 
irritation and inflammation of 
the mucous membranes, tearing, 
and sensitivity to light. Repeated 
exposure causes inflammation 
of the eyelids, digestive distur- 
bances, weight loss, and general 
weakness. Extended exposure 
may result in respiratory and 
lung disease, bronchitis, asthma, 
or pulmonary heart disease. 

Carpenters working on a job site 
where insulation particles exist 
should wear appropriate personal 
protective equipment to avoid 
health hazards. See Figure 22-13. 


Bloodborne Pathogens 


A bloodborne pathogen is a virus 
or bacteria of a disease in the 
blood that may be transmitted 
by another worker coming into 
contact with the infected worker's 
blood. Carpenters may be ex- 
posed to bloodborne pathogens if 


someone on the job site infected 
with a bloodborne pathogen re- 
ceives a cut or injury. 


dol 
Figure 22-13. Fiberglass insulation may 
cause headaches, nausea, dizziness, 
and difficulty in breathing if inhaled. 
Appropriate personal protective equipment 
must be worn to prevent inhalation and 
contact with the insulation. 


Ifit is reasonably anticipated that 
workers will be exposed to blood 
or other potentially infectious 
materials while using first-aid sup- 
plies, employers should provide 
PPE. OSHA 29 CFR 1910.1030, 
Bloodborne Pathogens, speci- 
fies that bloodborne pathogen 
personal protective equipment 
must be readily accessible and 
available in appropriate sizes. Dis- 
posable gloves, body gowns, and 
other first-aid equipment that is 
required to stop exposure to blood 
or other infectious materials must 
be available in the job site first-aid 
kit. A first-aid kit must be checked 
at least once a week to ensure sup- 
plies are replaced as used. 


CONFINED SPACES 


A confined space is a space large 
enough and so configured that a 
carpenter can enter and perform 
assigned work, has limited or 
restricted means for entry and exit, 
and is not designed for prolonged 
occupancy. Confined spaces are 
subject to the accumulation of tox- 
ic or flammable contaminants or 
an oxygen-deficient atmosphere. 
Confined spaces include storage 
tanks, underground utility vaults, 
and pits more than 4’ in depth. 


Photo courtesy of Miller? Fall Protection 


A safety harness with an attached lifeline must be worn when entering a confined space 
if a safe atmosphere cannot be assured. The safety harness and lifeline will be invalu- 


able in case a rescue is required. 


All employees entering a con- 
fined space must be instructed as to 
thenature ofthe hazards, necessary 
precautions, and protective and 
emergency equipment required. A 
safety harness with an attached life- 
line must be worn when entering a 
confined space ifa safe atmosphere 
cannot be assured in the confined 
space. Another worker, also wearing 
a safety harness and lifeline, must 
constantly observe the carpenter in 
the confined space. 


EXCAVATIONS 


An excavation is a cut, depression, 
or trench in the earth’s surface 
formed manually or by earth-mov- 
ing equipment. See Figure 22-14. 
A multistory structure often re- 
quires a deep excavation. Smaller 
construction projects may require 
narrow and deep trenches. 


Figure 22-14. Whenever possible, the 
banks of a deep excavation should be 
sloped outward. 


Carpenters and other trades- 
workers work in excavations 
while constructing the footing and 
concrete wall forms. A potential 


safety hazard when working 
in excavations is the collapse 
of the earth banks. Earth bank 
collapse can be prevented by slop- 
ing or shoring the earth banks of 
an excavation. The method used 
to protect against collapsing earth 
banks depends on the soil type, 
excavation depth, water table 
level, type of foundation, and the 
space around the excavation. 

OSHA 29 CFR 1926.652, Re- 
quirements for Protective Systems, 
states that workers in excavations 
must be protected from cave-ins 
by adequate protective systems 
except when the excavation is 
made entirely in stable rock or 
when excavations are less than 5’ 
deep and inspection of the ground 
by a competent person provides 
no indication of potential cave- 
ins. Workers in excavations not 
made in stable rock or excavations 
more than 5’ deep must be pro- 
tected by sloping, shoring, or an 
equivalent means of protection. 

When working in or around 
excavations, the following safety 
rules must be observed: 


* Ensure that excavated soil 
and other materials and con- 
struction equipment are at 
least 2’ away from the edge 
of the excavation. 

e A ramp, runway, ladder, or 
stairway must be located 
within 25' of workers if the 
excavation is 4' or more in 
depth to provide a means of 
access and egress in case of 
an emergency. 


* Watch for vibration and in- 
creased lateral pressure on 
sides ofexcavations such as soil 
vibrating loose when vehicles 
travel close to excavations. 
Ensure there is adequate 
removal of engine exhaust 
from trenches if gasoline- or 
diesel-powered construction 
equipment is being used. 
Where an oxygen-deficient at- 
mosphere (i.e., an atmosphere 
with less than 19.596 oxy- 
gen) or otherwise hazardous 
atmosphere exists or could 
reasonably be expected to ex- 
ist, such as in landfill areas, 
the atmosphere must be tested 
before workers enter excava- 
tions greater than 4' deep. 

Do not work in excavations 
containing water or in which 
water is accumulating un- 
less adequate precautions 
have been taken. 

Provide support systems 
such as shoring and bracing 
when the stability of adjoin- 
ing buildings, walls, or other 
structures is endangered by 
excavation operations. 


Sloping and Benching  * 


The sides of an excavation can be 
sloped to minimize the possibility 
of collapse by inclining the sides 
away from the excavation. Sloping 
is typically used when there is 
room around the construction area 
to slope the sides of an excavation. 
Sloping cannot be used if build- 
ings or streets are immediately 
adjacent to the excavation. 

Slope angle is based on the 
soil type of the excavation. 
OSHA 1926 Subpart P Appen- 
dix A, Soil Classification, de- 
fines soil types as stable rock, 
Type A, Type B, and Type C (in 
decreasing order of stability). 
Stable rock includes solid rock, 
shale, and cemented sand and 
gravels. Type A soils are highly 
cohesive soils and include 
clay, silty clay, sandy clay, 
and clay loam. Type B soils are 
cohesive soils and include 
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angular gravel, silt, silt loam, 
and sandy loam. Type C soils are 
granular soils and include gravel, 
sand, loamy sand, and soil from 
which water is freely seeping. 

OSHA 29 CFR 1926 Subpart P 
Appendix B, Sloping and Bench- 
ing, specifies slope angles for 
various soil types. Excavations 
occurring in average soil condi- 
tions (Type B) require a slope 
of 45°. See Figure 22-15. Less 
slope is permitted for stable rock 
and Type A soils. More slope is 
required for Type C soils includ- 
ing compacted sharp sand or 
well-rounded loose sand. 

Benching is a method of pro- 
tecting workers in an excavation 
by excavating the sides to form 
one or a series of steps, with ver- 
tical surfaces between the levels. 
Benching typically requires more 
room around the excavation 
than sloping. 


Shoring 


In large and deep excavations, 
several methods of shoring are 
effective. Interlocking sheet 
piling consists of steel sections 
that are driven into the earth 
and provides a fairly watertight 
system. Sheet piling is lowered 
by crane into templates that hold 
it in position and is driven with 
a pile-driving rig, Figure 22-16. 
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If necessary, braces are installed 
to support the sheet piling. When 
construction is complete, sheet 
piling is removed and reused. 


a * 


DETAIL OF INTERLOCKING 
| SHEET PILING 


Figure 22-16. One shoring method is to place 
steel interlocking sheet piling around the area 
to be excavated. At top, a section of sheet 
piling is being lowered by crane. 


ORIGINAL 
GRADE LEVEL 


Y 


BENCHING 


Figure 22-15. Soil type and conditions determine the amount of slope required for earth 


banks around excavations. 
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Soldier piles are driven into the 
ground with a pile-driving rig. 
Lagging, consisting of 3" thick 
wood planks, is placed between 
the flanges of the soldier piles. 
See Figure 22-17. A horizontal 
steel waler may extend across 
the fronts of the soldier piles to 
provide additional stability. The 
waler is secured into position 
by tie-backs, which are heavy- 
gauge steel strands secured into 
grouted holes drilled in the sides 
ofthe excavation. The holes may 
extend as deep as 50’. 


STEEL H-SHAPE 


—.. TOP VIEW! 


Figure 22-17. Steel soldier piles and 
wood lagging are often used for shoring 
excavations. Here the soldier piles have 
been driven into the ground and the 
lagging has been placed between the 
flanges of the soldier piles. 


Various shoring methods are 
recommended for trenching 
operations. Trenches 5’ or more 
in depth in hard, compact soil 
can be shored by placing verti- 
cal timbers on opposite sides of 
the trench. The timbers are held 
in place by cross braces or screw 


jacks, Figure 22-18. The uprights 
should be no more than 5' apart 
horizontally and vertically. For 
trenching operations in loose 


soil, carpenters may install 
wood sheet piling, which is sup- 
ported by stringers and braces. 
See Figure 22-19. 


SCREW JACKS AND TIMBERS 
NEVER SPACED MORE THAN 
5'-0" OC APART (ONE BRACE 
REQUIRED FOR EACH 4'-0" 
OF TRENCH DEPTH—NEVER 


Increase - 
proportionally | 


Figure 22-18. Trenches in hard, compact soil may require no more than spaced vertical 
timbers held in place by cross braces or screw jacks. 


SIZE OF WOOD SHEET PILING 
FOR LOOSE-SOIL TRENCHES _ 


-0” to 8’-0” 
over 8’-0” 


stringers and braces. 


Figure 22-19. Trenches in loose soil may be shored with wood she 


et piling braced by 


Shielding 

Shielding is the use of a por- 
table protective device capable 
of withstanding cave-in forces 
in trenches. A trench shield, 
or trench box, is a reinforced 
assembly consisting of two 
plates held apart by spacers. See 
Figure 22-20. Trench shields 
are made from steel, concrete, 
or plastic and are moved along 
in a trench as work progresses. 
Trench shields are used in 
stable or unstable soil. 


Figure 22-20. A trench shield is used to 
withstand cave-in forces in trenches. 


BARRICADES AND 
GUARDRAILS 


On construction jobs where there 
is pedestrian or vehicular traffic 
in adjoining areas, carpenters 
erect barricades around the job 
site to prevent unauthorized 
persons from entering the con- 
struction area. In many cases, 
barricades provide overhead pro- 
tection to prevent objects from 
falling in the traffic area. 
Guardrails protect the safety of 
workers on the job. Guardrail re- 
quirements are detailed in OSHA 
29 CFR 1926.502, Fall Protection 
Systems Criteria and Practices. 
Working and walking surfaces 
6'-0" or more above a lower 
surface must be protected by 
guardrails or personal fall-arrest 
systems. Guardrails are placed 
across openings for exterior doors 
if there is a drop of more than 4’, 
Guardrails are also required if the 
bottom of a window opening is 
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less than 39" above the work- 
ing surface. Guardrails must be 
constructed on all unprotected 
sides or edges of floor openings 
such as openings for stairways and 
skylights. If the openings are 
used for worker access, such as 
ladderways, the openings must 
be protected with a gate so 
workers cannot walk directly 
into the opening. Toeboards are 
installed if there is a possibility 
that tools or materials may fall 
into the opening. 

Guardrails consist of a top rail 
and midrail. Top rails are typi- 
cally constructed of smooth 2 x 4s 
and placed 39" to 45" above the 
working surface. See Figure 22-21. 
Midrails are commonly construct- 
ed with 1 x 6s or 2 x 4s and are 
placed midway between the top 
rail and the working surface. 
Screens or meshes may be used 
instead of midrails. If screens or 
meshes are installed, they must 
extend from the top rail to the 
working or walking surface. 

Wire rope or cable may be used 
for top and midrails. Wire rope or 
cable must be at least 1⁄4” diam- 
eter. If wire rope or cable is used 
as a top rail, it must be flagged at 
not more than 6' intervals with 
high-visibility material. 


RAMPS, RUNWAYS, AND 
TEMPORARY STAIRS 


Heavy construction jobs may 
require ramps, runways, and tem- 
porary stairs to provide a means for 
workers to move about on the job 
and for materials to be transported. 
Ramps and runways may also be 
constructed for the movement of 
wheelbarrows and power buggies 
used to transport concrete and 
other materials. See Figure 22-22. 


FIRE PREVENTION 


A serious concern for all construc- 
tion workers is the ever-present 
danger offire on ajob site. Workers 
must be aware of potential fire haz- 
ards and understand what creates 
a fire hazard and how this danger 
can be reduced. 


194 CARPENTRY 


Temporary Floor and Wall Guardrails __ 


Figure M 1 
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Figure 22-21, During construction, temporary guardrails must be placed around floor 
openings. In addition, guardrails must be placed across wall openings for exterior doors 
if there is a drop of more than 4' and across window openings if the rough sill is less 
than 39" above the working surface. 


magnesium, sodium, and 
potassium. Class D fires are 
extinguished with a coarse 
powder agent that seals the 
burning surface and smoth- 
ers the fire. 

* Class K fires occur with grease 
in commercial cooking equip- 
ment. Class K extinguishers 
coat the fuel with wet- or 
dry-base chemicals. 

OSHA 29 CFR 1926.150, Fire 
Protection, details the fire protec- 
tion requirements for a construc- 
tion job site. Fire extinguishers 
must be periodically inspected 
to ensure proper operation. Fire 
extinguishers are placed around 
the job site so the travel distance 
from any point to the nearest fire 
extinguisher does not exceed 
100’. At least one fire extinguisher 
must be provided on each floor of 
a building. In multistory build- 
ings, at least one fire extinguisher 
shall be located adjacent to a stair- 
way. Fire extinguishers should be 
located in clear view and should 
not be obstructed by building 
materials. See Figure 22-24. 


Fire Extinguishers 


The National Fire Protection As- 
sociation (NFPA) classifies fires 
as Class A, B, C, D, and K, based 
upon the combustible material. 
The appropriate fire extinguisher 
must be used on a fire to safely 
and quickly extinguish the fire. 
See Figure 22-23. The types of 
fires and appropriate fire extin- 
guishers are as follows: 


* Class A fires occur with wood, 
paper, textiles, and similar 
materials. Class A fires are 
extinguished with water and 
other water-based agents. 
Class B fires occur with flam- 
mable liquids such as grease 
or solvent cements. Class B 
fires are extinguished with 
smothering agents such as 
carbon dioxide and chemi- 
cal foams. 
Class C fires occur with live 
electrical equipment and 
are extinguished with non- 
conductive dry chemical 
agents. 
* Class D fires occur with 
combustible metals such as 
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Figure 22-22. Ramps and runways for workers and materials must be properly constructed to ensure worker safety. The ramp shown 
here is used for power buggies, which are used to deliver concrete for placement. 


Fire Extinguishers 
Figure 22-23 EJ 
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Figure 22-24. Fire extinguishers must 
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convenient access by workers. Panels can 
be constructed with 2 x 4s and plywood. 
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Figure 22-23. Fire extinguisher classes are based o 
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If a fire occurs on the job site, 
an alarm should be sounded and 
the fire department called. How- 
ever, small fires can be quickly 
extinguished ifthe proper fire ex- 
tinguisher is present on the job. 


Preventive Measures 


The following preventive mea- 
sures should be observed to reduce 
the threat of fire on a job site: 


* Do not allow rubbish and 
combustible material to 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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accumulate on a job site. Pe- 
riodically clean the job site 
and place wood scraps and 
other rubbish in appropri- 
ate disposal containers. 

Keep volatile and flammable 
materials stored away from 
the immediate job site. 

Do not smoke near volatile 
materials such as solvent 
cements, as these materials 
readily evaporate at normal 
temperatures and pressures 


and produce flammable 
vapors. 


* Keep all flammable liquids 


such as gasoline, paint thin- 
ner, oil, grease, and paint in 
tightly plugged or capped 
containers. 


* A fire extinguisher must be 


provided within 50’ of the 
point where 5 gal. of flam- 
mable or combustible liquid 
or 5 Ib of flammable gas are 
being used on the job site. 


— 0s 
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California Redwood Association 


Figure 23-2. The contemporary design 
of this residence is characterized by its 
simplicity and straight lines. Vertical 
redwood siding allows the structure to 
blend well with its surroundings. 


James Hardie Building Products 


Figure 23-1. Some building designs are based on traditional styles of architecture. 
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A design known as pueblo re- 
vival architecture is popular in 
the southwestern United States. 
Pueblo revival architecture is a 
blend of Native American, His- 
panic, and Anglo building tradi- 
tions. These houses were originally 
constructed out of adobe brick, a 
process that is expensive both in 
terms of labor and material. Cur- 
rently, most buildings of pueblo 
revival architecture design are 
wood-framed with a stucco fin- 
ish. See Figure 23-3. 


Figure 23-3. Pueblo revival architecture 
is popular in the southwestern United 
States. 


Architects are licensed pro- 
fessionals qualified to design 
buildings. In some areas, pro- 
spective homeowners, designers, 
or drafting services can perform 
residential design services pro- 
vided the plans conform to code 
requirements and are approved 
by the local building authorities. 
A competent architect has a good 
understanding of how the build- 
ing is constructed as well as how 


it should look. 


A set of construction prints 
for larger buildings typically 
includes drawings developed by 
structural engineers. Structural 
drawings include the structural 
components of a building such 
as beams, columns, floors, and 
walls that support and hold 
together the entire structure. 
Architects frequently employ 
the services of soil engineers to 
analyze the ground conditions 
at the building site. 


FACTORS INFLUENCING 
BUILDING DESIGN 


Many factors must be consid- 
ered in the design of a building. 
One factor that is considered in 
building design is the size and 
shape of the lot. A building 
must adhere to local building 
code requirements for setbacks. 
A setback is the distance re- 
quired between a structure on 
a piece of property and the 
front property line. Another 
factor is the soil condition of the 
lot, which determines the type 
of foundation that can be used. 
Yet another factor in building 
design is the appearance of the 
building in relationship to other 
buildings in the area. If possible, 
a newly constructed building 
should conform to the sizes 
and styles of buildings already 
in the neighborhood. A newly 
constructed building must also 
conform to the building code 
and zoning regulations in effect 
in that jurisdiction. 
Orientation is the position of 
a building on the lot and the di- 
rection in which different walls 
will face. Wind conditions and 
sun position during the day help 
determine the ideal orientation 
for a building on the lot. Privacy 
is another concern in determin- 
ing building orientation. The 
location of doors and windows, 
and even the type of windows, 
are largely determined by the 
orientation of a building. 


BASIC SHAPES AND TYPES 
OF BUILDINGS 

Whether traditional or contem- 
porary, the design of a one-family 
dwelling is usually derived from 
one of several basic shapes— 
rectangular, T-shape, L-shape, or 


Plan Views of Roofs 
Figure 23-4 


SQUARE 


RECTANGULAR 


LONG RECTANGULAR 


U-shape. See Figure 23-4. Basic 
house types are one-story, one- 
and-one-half-story, two-story, 
and split-level. Most house de- 
signs can be built over a concrete 
slab, crawl space, or full base- 
ment foundation. 


T-SHAPE 


L-SHAPE 


U-SHAPE 


Figure 23-4. The design of one-family dwellings is derived from square, rectangular or 


T-, L-, or U-shapes. 


APA— The Engineered Wood Association 
Advanced carpentry skills are required to construct complex roofs. 
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One-Story House 


In a one-story house, all habitable 
rooms are on the same level. A 
habitable room is a room used 
for living purposes, such as a 
bedroom, living room, dining 
room, family room, or bathroom. 
See Figure 23-5. The attic of a 
one-story house is usually too 
small for living purposes but may 
be used for storage. 


One-and-One-Half-Story 
House 

A one-and-one-half-story house 
has a high-pitched roof, which 
allows some of the attic space 
to be used for living purposes. 


A|- Heating costs för a one-and-one- - 
"| halFstory house are minimized 
due to the small outside wall area 
when compared to the amount of -| 
ZjBferlor space. cui 


See Figure 23-6. Dormers, or 
usually additional bedrooms and Em. 
we we | 
CONCRETE SLAB CRAWL SPACE FULL BASEMENT 


roof windows, provide light and The Garlinghouse Company 
a second-floor bathroom. 
Figure 23-5. One-story house designs can be built over a concrete slab, crawl space, or 


ventilation. Rooms in the attic are 
1STFLOOR | 
1ST FLOOR ee i 
4 BASEMENT 
full basement. All habitable space is located on one floor. 
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The Gorlinghouse Company FULL BASEMENT 
Figure 23-6. A one-and-one-half-story house has a high-pitched roof, allowing some of the attic space to be used for living purposes. 
Note the dormers in the roof. 
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Two-Story House 


A two-story house consists of two 
full stories under a pitched roof. 
See Figure 23-7. The second story 
usually consists of bedrooms and 
a second bathroom. The laundry 
room may also be located on the 
second floor. 


Split-Level House 


A split-level house is more com- 
plicated in design. A split-level 
house is actually a one-story 
house with a basement under 
one section of the house that 
is partially below and partially 
above ground level. The other 
section ofthe house is constructed 
on a concrete slab or crawl space. 
There are a number of variations 
on the split-level design, as 
shown in Figure 23-8. Split-level 
houses are practical for sloping 
lots, but can also be constructed 
on level lots. 


Figure 23-7. 


DEVELOPING AND 
DRAWING BUILDING 
PLANS 


Prior to construction starting on 
a building, a set of building plans 
must be produced. Buildings 
may be produced on specula- 
tion, from stock plans, or may be 
custom-built. 

Plans may be prepared for gen- 
eral contractors who construct 
individual homes or apartments 
on speculation. These structures 
are financed and built by the 
contractors or real estate develop- 
ers and are sold during or after 
completion ofthe work. Housing 
tracts and condominiums are ex- 
amples of buildings constructed 
on speculation. 

Stock plans are working draw- 
ings developed by architects 
and then purchased from design 
companies that produce a wide 
variety of working drawings for 
home construction. 

Custom-built plans are a set of 
plans designed by an architect 
to serve the needs of the poten- 
tial owner. Custom-built plans 


i 


as ie | | Y 


FELLE 


The edit des CHEM 


usually begin with preliminary 
sketches based on discussions 
between the architect and client. 
Factors such as the number of 
bedrooms and bathrooms, living 
space, garage size, lot size, and 
approximate budget are deter- 
mined in the discussions. 


Working drawings are devel- 
oped either manually or using 
a computer-aided design and 
drafting (CADD) program. CADD 
programs allow an architect to 
develop the working drawings 
more quickly than using manual 
drafting techniques. In addition, 
CADD programs generate clear 
and concise drawings, and al- 
low an architect to make design 
changes more easily than using 
manual drafting techniques. See 
Figure 23-9. The working draw- 
ings are reviewed and approved 
by the client. 


FULL BASEMENT 


A two-story house typically has a pitched roof and may be constructed on a full basement or slab foundation. 


Unit 23 Building Design, Plans, and Specifications 201 


The Garlinghouse Company 
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Figure 23-8. The basement of a split-level house is partly below and partly above the 


ground level. 
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The original working drawings 
are reproduced for distribution 
to contractors and subcontractors 
who are awarded the contracts 
for the construction project. In 
the past, original working draw- 
ings were reproduced on an off- 
white, chemically coated paper. 
Ammonia vapor was used to 
process the paper, creating white 
lines against a dark blue back- 
ground. Plans produced using 
the ammonia vapor process were 
referred to as blueprints. 

The blueprint process was 
eventually replaced by the Oza- 
lid? transfer method that pro- 
duced blue or black lines against 
a white background. Even though 
the term “blueprint” is com- 
monly used in the trade, it is 
no longer accurate since most 
drawings are copied using wide- 
format engineering copiers. 

The Ozalid transfer process 
has been largely replaced by 
wide-format engineering copi- 
ers, which use a xerography 
process to reproduce working 
drawings. See Figure 23-10. The 
xerography process is similar to 
the process used in photocopy 
machines. Wide-format engineer- 
ing copiers provide high-quality 
reproductions with better clar- 
ity and detail. 


SPECIFICATIONS 


A. complete set of building plans 
typically includes a legal docu- 
ment called specifications (specs). 
Specifications are written infor- 
mation from the architect and 
engineers that supplement the 
plans and provide details that 
could not be shown on the plans 
or that require additional descrip- 
tion. Depending on the size of the 
construction project, specifica- 
tions may consist of a few nota- 
tions on the prints, a few sheets of 
paper, or possibly a detailed book 
with hundreds of pages. 
Specification formats vary from 
architect to architect. However, a 
common practice is to divide the 
specifications into divisions that 


pertain to different work areas 
on the construction project. The 
Construction Specifications In- 
stitute (CSI) publishes the CSI 
MasterFormat™, which is a 
master list of the divisions and 


titles for organizing information 
about construction requirements 
and activities into a standard se- 
quence. The CSI MasterFormat 
contains 50 divisions that define 
the broad areas of construction. 


Figure 23-9. A CADD program allows an architect to develop working drawings more 
proficiently than using manual drafting techniques. 


Procurement and Contracting Requirements Group 


Division 00—Procurement and Contracting Requirements 


Specifications Group 

General Requirements Subgroup 
Division 01—General Requirements 

Facility Construction Subgroup 
Division 02— Existing Conditions 
Division 03— Concrete 
Division 04—Masonry 
Division 05—Metals 


Division 06— Woods, Plastics, and Composites 
Division 07— Thermal and Moisture Protection 


Division 08—Openings 
Division 09—Finishes 
Division 10—Specialties 
Division 1 I—Equipment 
Division 12—Furnishings 
Division 13— Special Constru 
Division 14—Conveying Equip 
Divisions 15 to 19—Unassigned 
Facility Services Subgroup 
Division 20—Unassigned 
Division 21—Fire Suppression 
Division 22—Plumbing 


Division 23—Heating, Ventilating, and A: 


Division 24—Unassigned 

Division 25—Integrated Automation 
División 26— Electrical 

Division 27—Communications 


Division 28— Electronic Safety and Security 


Division 29— Unassigned 

Site and Infrastructure Subgroup 
Division 30—Unassigned 
Division 31—Earthwork 
Division 32— Exterior Improvements 
Division 33—Utlities 
Division 34— Transportation 


Division 35— Waterway and Marine Construction 


Divisions 36 to 39—Unassigned 
Process Equipment Subgroup 
Division 40— Process Integration 


Division 41—Material Processing and Handling Equipmen 


DIVISIONS DEFINE BROAD 
AREAS OF CONSTRUCTION 


06 8Q 00 


aditioning (HVAC) 


DIVISION 08— Openings 
08 10 00 Doors and Frames 


Figure 23-11. Specifications are typically organized by CSI MasterForinat" divisions. 


DIVISION 06— Woods, Plastics, and Composites 


06 10 00 Rough Carpentry 

06 20 00 Finish Carpentry 

06 40 00 Architectural Woodwork 
06 50 00 Structural Plastics 

06 60 00 Plastic Fabrications 

06 70 00 Structural Composites 


Composite Fabrications 


08 30 00 Specialty Door and Frames 

08 40 00 Entrances, Storefronts, and Curtain Walls 
08 50 00 Windows 

08 60 00 Roof Windows and Skylights 

08 70 00 Hardware 

08 80 00 Glazing 

08 90 00 Louvers and Vents 


See Figure 23-11. Each division 
is divided into subclassifica- 
tions, which provide greater 
detail. A list of the CSI Master- 
Format divisions and complete 
list of the subclassifications is 
available from the Construction 
Specifications Institute. 


Xerox Engineering Systems 


Figure 23-10. The xerography process 
is commonly used to reproduce working 
drawings. The original working drawing is 
typically archived by the architect. 


TITLES DIVIDE DIVISIONS INTO 
MORE DISCRETE AREAS 


Unit 23 Building Design, Plans, and Specifications 203 


set of prints, also referred 
to as working drawings 
or plans, acts as a step-by- 
step guide to the construction of 
a building. Some prints provide 


more detail than others, but all 


prints include certain basic infor- . 


mation. The three-bedroom house 
plan used as an example in this 


section consists of the following: 


* specifications 

* plot plan 

* foundation plan 

* exterior elevations 

* section views 

* framing plans 

* details 

* door and window schedules 
* finish schedule 


In its original state, the three- 
bedroom house plan fills five 
22" x 36" pages, which is typi- 
cal for this type of building. The 
drawings reproduced in this text 
have been reduced in size, and in 
some cases rearranged, in order 
to fit on the page. 

Prints provide an orthographic, 
rather than a pictorial, view 
of each part of the building 
from above or from the sides. 
A comparison of orthographic 
and pictorial drawings is shown 
in Figure 24-1. While pictorial 
drawings provide a more realistic 
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depiction ofa building to an own- 
er, the drawings do not contain 
the details necessary to construct 
the building. 

Although a complete set of 
prints consists of many different 
plans, all plans relate to each 
other. During the various stages 
of construction, carpenters may 
have to refer to several plans to 
get a complete understanding of 
the work to be done. 


LINES, DIMENSIONS, AND 
SCALE 


Different linetypes have different 
meanings in a print. Figure 24-2 
shows a section of a foundation 
plan and identifies the lines 


Carpenters must understand the details of 
relate to other drawings in a set of prints. 


used. A solid line indicates 
the visible outline of an object, 
while a dashed line indicates an 
edge that is hidden from view. A 
centerline establishes the center 
of an area. A cutting plane line 
indicates where an object is 
"cut" so interior features may 
be seen. A break line indicates a 
shortened view ofa part that has 
a uniform shape. A leader line 
points from a note or measure- 
ment to a part of the building. 


Te] Linetypes on construction prints 
are established in ASME Y14.2M, 


[Ow ka " 


Southern Forest Products Association 


individual drawings and how the drawings 


Orthographic and 
Figure 24-1 o— 
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SOUTH ELEVATION 


Dimensions are measurements 
that give the distances between 
different points such as walls, 
columns, beams, and other struc- 
tural parts. Dimensions also show 
the heights of different build- 
ing components such as walls, 
window openings, and door 
openings. Figure 24-2 includes 
examples of how dimensions are 
used with dimension lines. 

Obviously, a set of plans cannot 
have drawings that are as large 
as the actual size of a building. 
The drawings must be made to 


ORTHOGRAPHIC 


scale. Inches or fractions of an 
inch are used to represent feet 
of the actual measurement of 
the building. For example, in a 
plan drawn to %” scale, 1⁄4” on 
the drawing usually represents 
1-0" of the building. The scale 
fora drawing is usually identified 
directly below the drawing. The 
same scale is not usually used for 
all drawings in a set of plans. The 
following scales may be found in 
a set of plans: 

e 146” = ro- 

e 3/59 = d - s 


Y Smaller scales are used for 


eat I 


ee 


EAST ELEVATION 


Figure 24-1. Prints are typically composed of several orthographic drawings. Pictorial drawings provide a more realistic depiction of 
a building to an owner, but do not provide the details necessary to construct the building. 


e V = 1-0" 
e 34e" E 0" 
e V = 1-0" 
e 54"= 1-0" 
e M = 1-9" 
e 34" = 1-0" 
€ 1" 2 1-0" 
© 1A = 17-0" 
e 3" = 1’-Q” 


buildings with larger dimensions; 
larger scales are used for details. 
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| Figure 24-2 


Linetypes Used on Architectural Drawin 


HAH 


LINES USED FOR DRAWINGS 
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Figure 24-2. Different linetypes have different meanings in a print. 
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The scale used for a particular 
drawing should be large enough to 
present a clear drawing. However, 
the scale used is also determined 
by the size or area being presented 
in the drawing. A 1⁄4” scale is used 
most often, although 2457", 4”, and 
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3" scales are also typical for a set 
of residential prints. 

An architect's scale is used for 
scaling dimensions on prints. An 
architect's scale contains several 
different scales. Examples of how 
an architect's scale is used are 
shown in Figure 24-3. Although 
not as accurate or convenient, a 
tape measure can also be used 
to scale dimensions on prints. 
See Figure 24-4. However, all 
measurements scaled with a 
tape measure should be verified 
with the architect or engineer to 
ensure accuracy. 


LEADER LINE ` 


| LINES USED FOR DIMENSIONING — 


AND OPENINGS 


mie. WHERE OBJECT 
IS "CUT" SO INTERIOR 
FEATURES MAY BE SEEN 


Q —— |, — ———  ——/|,———— INDICATES SHORTENED VIEW OF 
A PART THAT HAS CONTINUOUS 
UNIFORM SHAPE 


POINTS FROM NOTE OR 
MEASUREMENT TO PART 
OF STRUCTURE 


INDICATES DISTANCE BETWEEN 
TWO POINTS 


ENDS OF DIMENSION LINES MAY | 
HAVE AN ARROWHEAD OR DOT 
INSTEAD OF SLASH 


EXTENDS FROM POINT ON 
DRAWING AND IS TOUCHED BY 
DIMENSION LINES 


An engineer's scale is used to 
draw large areas such as building 
lots on plot plans. Scales on an 
engineer's scale are 1” = 10’, 1” = 
20, 1” = 30, 1”= 40 1” = 50, and 
1” = 60'. See Figure 24-5. Since 
engineer's scales are used for 
drawing large areas, the inch di- 
visions of a foot on an engineer's 
scale are omitted. 


Reading an Architect's Scale 


| Figure 24-3 z ——n . —! 
' - 1⁄4 Vo opa 
- E Ioe 1-07——- e” We 4-0" 


On a 4" scale drawing, each 14" On a *?" scale drawing, each 12" On a 34" scale drawing, each 34" 
equals 1’-0” on the prints. equals 1’-0” on the prints. equals 1’-0” on the prints. 


Figure 24-3. An architect's scale contains several scales for drawing and dimensioning prints. Full feet are measured from one side 
of the zero point and inches and fractions of an inch are measured from the opposite side of the zero point. 


Using Tape Measures to Scale Drawings _ 
| Figure 24-4 M — 
Yel! FIFTEEN '&" DIVISIONS = 15 | 1,7 


scare TUTTI] | scare 
go D 


EIGHT 4” DIVISIONS = 8' Vo FOUR 1%” DIVISIONS = 4 


ga s —- 


i | 


Figure 24-4. A tape measure may be used to scale dimensions on prints. However, all measurements scaled with a tape measure 
should be verified with the architect or engineer to ensure accuracy. 


SYMBOLS AND Reading an Engineer's Scale 
ABBREVIATIONS m — E EE. 5 a 
Figure 24-5 1’= 10- 0” 1’= 50’- 0” 
Prints must graphically explain m— SCALE SCALE 
the different materials being used Jupe 105202 
in a building and provide details 
regarding structural parts. Prints m~ 10-0” 4-0” H~ 100-0" 25-0” 
must also show the locations of v] l | | a lin ili al 
electrical switches, plugs, and | mm — á—— 
outlets. Plumbing fixtures such 09 S9 95 + zs os ; 9v 9 vv a ‘yvis'n ob 0L 6 
as lavatories (sinks), bathtubs, | 
shower enclosures, and water On a 1"- 10-0” scale drawing, each | On a 1"- 50-0” scale drawing, each 
closets (toilets) are identified 1” equals 10-0” on the prints. 1" equals 50'- 0" on the prints. 
i iations : 
with epsndue ead anion Figure 24-5. An engineer's scale is typically used to draw plot plans. 
On prints. 


Symbols on prints are a picto- 
rial representation of a structural 
or material component. Figures 
24-6 through 24-10 show symbols 
commonly used on prints. 

Little space is allowed for writing 
on the sheets that make up a set of 
plans. Therefore, abbreviations 
are used whenever possible. 
The table in Figure 24-11 shows 
common abbreviations used in the 
construction trade. Abbreviations 
may vary from print to print. 


Construction materials are depicted on prints using symbols and abbreviations. 
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Window Symbols . 
Figure 24-ó l E 


POINTS 
TO 


SIDE OF 
SASH 
WITH 
HINGE 


I 1] 
CO 
a | 
Pz  ] 


z s [= —  À— 
UP-DOWN SWINGS OUT SWINGS OUT SLIDES SWINGS 


DOUBLE-HUNG CASEMENT AWNING HORIZONTAL SLIDING pr JALOUSIE 

MEE Á .— ..-. ELEVATION VIEWS - m, mime 

ee ee In rm FE | res al 
[ ]|[ ES | | IEEES li 


DOUBLE-HUNG CASEMENT AWNING HORIZONTAL SLIDING JALOUSIE 


PLAN VIEWS 


Figure 24-6. Standard symbols are used to identify windows on a print. An elevation view of a window or other building component is 
created by looking directly at the front of the window and a plan view is created by looking down at the window from the top of a wall. 


Wall Symbols 
Figure 24-7 


C7) rFRAMEWALL ue ee NOTE: THESE SYMBOLS ARE USED 


REGARDLESS OF THE SIDING, 
SUCH AS PLYWOOD, CLAPBOARD, 
SHINGLES, BOARD AND BATTEN, 
CEMENT, ETC. 


WOOD STUD 


CONCRETE 


CONCRETE ‘ies OPEN FROM 
CURVED FLOOR TO 
ARCHWAY CEILING 
I INTERIOR 
ODER 958,065,665 
LLL FIREBRICK | | WALLS | | 
pm cocos CAV WALL i 


CINDER BLOCK 


BRICK VENEER/CONCRETE 


BRICK VENEER/FRAME 
Se DOOR 


STONE VENEER/CONCRETE | 


WINDOW 


FPP DT LD AT LP VET PLDT UT ATA TUS E LP PLE FFD 


RECO CEERI 


Figure 24-7. Building materials are each assigned a distinctive symbol. 


CONCRETE 
WALL 


x R E A a IE 

Pues, cm VPC Sos SE ao, A 
zs odo Os on RSEN RIO ORS SS nop an Od 

= A. i VZANVEFACSTOA 


EXTERIOR 
WALLS 
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Door Symbols 
Figure 24-8 


TOP 
. RAIL LIGHT 


EXTERIOR 


SWINGS OUT 


INSIDE OF BUILDING 


EXTERIOR 


[1 1| 


| 
| 


= 


SWINGS OUT 


SWING OUT 
AND FOLD 


A 


POCKET SLIDING 
(RECESSED) BYPASS SLIDING 


-— uus mes 


POCKET SLIDING BYPASS SLIDING 


PLAN VIEWS 


ACCORDION 


FOLDING DOORS ACCORDION FOLD 


ACCORDION 


PLAN VIEWS A 


Figure 24-8. Elevation views of doors are typically shown on elevation drawings, while plan views are shown on floor plans. 
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ELECTRICAL SYMBOLS 


Single-Pole Switch 


T RSS AOA bea ar I T 


Three-Way Switch : 


Four-Way Switch 
Lighting Panel 


. Power Panel 


Range Outlet 


Special-Purpose Outlet 


Split-Wired Duplex 
Receptacle Outlet 


Outlet Box and Incandescent 
Lighting Fixture 


Figure 24-9. Electrical symbols are commonly used on floor plans. 


MECHANICAL AND APPLIANCE SYMBOLS 


Inca 


AE tont leap petite sert io 


Heat Lamp 


Bel 


Recessed Outlet Box and. 
ndescent Lighting Fixture 


. Flood Lamp 


* EL n em 7 


e LEP 


Pushbutton 


Switch Control of Light 
Fan 


Junction Box 


Motor 


Smoke Detector 


Flourescent Lighting Fixture 


| z 


Figure 24-10. Mechanical (plumbing and HVAC) and appliance symbols represent the components and appliances to be installed in 
a structure. 
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. Aluminum 
Anchor Bolt 
Asphalt Tile 

At Finished Face 
Basement _ 
Bathroom 
 Bathtub 

Beam 


Bedroom 
Benchmark 


Building 
Building Line 
Cabinet 
Casement 
Cedar . 
Ceiling 
Cement . 
Center 
Centerline 
Chimney 
Closet 

Column 
Concrete 
Concrete Block 
Cornice 
Corrugated 
Detail 
Diameter 


Dining Room _ 


: Dishwasher 
Door 
Dormer 


Double-Hung Window 


Douglas Fir 

Downspout 

Drain 

Drywall 

East 

Electric 

Elevation — . 

Excavate 

Exterior 

Face Brick 

Fl — 
Finish 

Finish Floor 

Fireplace 

Fireproof 

Fue — 


BD 
BRK 
BL or BLDG 
BL 
CAB. 
CSMT 
CDR 
CLG 
CEM 
CTR 
CL 
CHM 
CLO 
COL 
CONC 


CONC BLK 


COR 
CORR 
DET or DTL 
D or DIA 


DW 
DR 
DRM 
DHW 


FNSH 
FNSH FL 
FP 
FPRF 
PAIRT 


ET 


- Flashing 


Floor 

Footing 
Foundation 
Furnace 
Gauge 
Galvanized Iron 
Girder 

Glass 

Grade 

Ground 
Gypsum Board 
Hardboard 
Hardwood 
Head 


Heat 


Hose Bibb 
Insulation 
Interior 

Jamb _ 

Joist 

Kitchen 
Laundry 
Lavatory 

Light 

Linen Closet 
Linoleum , 
Living Room 
Louver . 
Medicine Cabinet 
Metal 
Noncombustible 
North 

On Center _ 
Opening 
Overhang 
Overhead Door 
Panel 

Partition 

Plate 

Plywood 

Porch 
Pressure-Treated 
Rafter 
Redwood 
Refrigerator 
Reinforced 
Reinforcement Bar 
Retaining Wall 
Ridge 
Riser 


Figure 24-11. Abbreviations are used on prints to avoid clutt 


ABBREVIATIONS 


FL 

FL 

FTG 

FDN 
FURN 

GA 

Gl 

GDR 

GL or GLS 
GR 

GND or GRD 
GYP BD . 
HBD ` 
HDWD 

HD 

H or HT 
HB 

INS or INSUL 
INT 

JB or JMB 
JorJST 


Kor kil o 


LAU 

LAV 

LT 

LC or LCL 
LINO 

LR 

LV or LVR 
MC 

MET. or MTL 
NCOMBL 


REF 
REINF 
REBAR 
RW 
RDG 

R 

S 


ering drawings. 


7A 


Roof Drain 
Roofing 


Room 


Rough Opening 
Screen 2 
Sewer | 
Shake 
Sheathing 
Sheet Metal 
Shingle 
Shower 

Siding 

Sill 

Sink 

Skylight — 
Sliding Door 
Soffit . 

Soil Pipe 

Solar Panel 
South 

Stack Vent 
Stairs 

Stairway 

Steel 

Stone 

Street 
Tongue-and-Groove 
Top of Concrete 
Top Hinged . 
Top of Slab — 
Top of Steel 
Tread 

Typical 
Unexcavated 
Utility Room 
Vent 

Ventilation — 
Vent Stack 
Vinyl Tile 
Washing Machine 
Water 
Waterproof 
Water Closet 
Water Heater _ 


Welded Wire Reinforcement 


West | 

White Pine 

Wide Flange 
Window 

Wood 

Wood Blocking 
Yellow Pine — 


SL 

Sor SK 
SLT 

SL DR 

SF or SOF 
SP 

SLR PAN. 
S 

SV 


VENT. 
vs 

VA TILE 
wmo 
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plot plan, or site plan, 
is one of the first draw- 
ings to be considered in 


a construction project. Before 
construction can begin, the 
exact location of the building 
on the property must be known. 
High and low points of the 
property must be determined so 
the lot can be graded to provide 
proper water drainage away 
from the building. The plot plan 
provides location and elevation 
information, and other infor- 
mation typically used by an 
operating engineer who clears 
the property. 


BASIC PLOT PLAN 
INFORMATION 


The plot plan for the three- 
bedroom house plan is shown 
in Figure 25-1. When reviewing 
the plot plan, compare the fea- 
tures with the pictorial drawing 
shown in Figure 25-2. Various 
items of note shown on the plot 
plan are as follows: 


A. Terrace: The outline of a 
terrace is indicated. Mea- 
surements for the terrace 
are provided on other 
drawings. 

B. Electrical utilities: A pow- 
er pole is located along the 
east side of the lot. Electric 
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and telephone lines extend 
from the power pole to the 
house. In some communi- 
ties, electrical utilities are 
placed underground. 
Side yard: The distance 
(18’-0”) from the side 
property line to the east 
wall of the house is the 
side yard. 

Driveway: A 15'-0" wide 
concrete driveway extends 
from the two-car garage to 
the street. 

Hoads: Roads are south 
and east of the property. 
Rose Street borders the 
property on the east and 
Virginia Avenue borders 
the property on the south. 
Benchmark: A point des- 
ignated as 100.0' has been 
established at the street 
curb as a benchmark. 
Benchmarks and how they 
relate to finished grades 
and elevations are dis- 
cussed later in this unit. 
Finish grades: A finish 
grade height of 100.2’ is 
noted at the southeast cor- 
ner ofthe property. Finish 
grade references are also 
noted at other points on 
the property, including 
the other lot corners and 
building corners. 


H. Sidewalks: A 6'-0" wide side- 
walk borders the property 
on the south and east side. 

I. Finish floor elevations: 
A finish floor elevation 
of 105.0’ is noted within 
the building outline. This 
is the height of the finish 
floor in relation to the 
benchmark. 

J. Walk: A walk extends from 
the sidewalk to the front 
porch and branches off 
toward the driveway. 

K. Planter strip: A 4'-0" wide 
planter strip, or parkway, is 
located between the street 
curb and the sidewalk. 

L. Front setback: A 20'-0" 
front setback is shown be- 
tween the southwest prop- 
erty line and the southwest 
wall of the building. 

M. Plumbing utilities: Public 
utilities such as gas, water, 
storm drainage, and sewer 
drainage are below the 
street surface. 

N. Building lines: The outline 
of the building to be con- 
structed on the lot is shown 
by building lines. Dimen- 
sion lines show the width 
and depth of the building. 

O. Trees:Before construction 
can begin, some trees on 
the property may need to 


be removed. Trees that will 
remain on the lot are shown 
on the plot plan. 

P. Property lines: The property 
lines, or lot lines, show the 
shape of the lot. The lot in 
the example is rectangular. 
The width and length of the 
property are also shown. 

Q. Compass direction: A plot 
plan typically includes an 
arrow pointing north, which 
is used to properly posi- 
tion the building on the lot. 
The different sides of the 
building are referred to by 
compass directions (north, 
south, east, west) in other 
drawings of the prints. 

R. Swale: A swale is a gradual 
grade or depression designed 
for channeling surface water 
away from a building. 


Additional Plot Plan 
Information 


In addition to the information 
shown on the example plot plan, 
retaining walls and easements 
may also be shown. Retaining 
walls are structures made of con- 
crete or concrete blocks and keep 
earth from sliding. Retaining 
walls are commonly constructed 
on sloping lots or where excava- 
tions are made along points of 
access to a structure, such as 
along a driveway. Easements are 
right-of-way provisions on the 
property. Easements may indi- 
cate, for example, the right of a 
neighbor to build an access road 
or a public utility to install water 
and gas lines on the property. A 
property owner cannot build on 
an area where an easement has 
been provided. 


g 
41028 on 
TERRACE 


— — — —— — — 169-9  — — — ——— — ——— — c 
» > ProrerT LINES COMPASS | 
ee N DIRECTION A eke | 
S > Not » 
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FINISH GRADES AND 
ELEVATIONS 


A plot plan provides informa- 
tion about the shape ofa lot. The 
lot may be flat, or it may have a 
steep or gradual slope. If a lot is 
sloped, it will be higher at some 
points and lower at others. A 
sloped lot may have to be graded 
by removing or adding soil so 
surface water caused by rain or 
melting snow will be directed 
away from the building and into 
the street. 

The finish grades and eleva- 
tions shown on a plot plan are 
based on data provided by a pro- 
fessional surveyor or engineer. 
Finish grades and elevations are 
recorded on a plot plan in feet 
and tenths of a foot rather than 
in feet and inches. 
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10" SANITARY SEWER 


Scale : 3/32" = 1-0" 


Figure 25-1. A plot plan shows the shape and size of a building lot and the location, shape, and size of the building on the lot. Compare 


this plan with the pictorial drawings in Figures 25-2 and 25-3. 
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STREET 
CURB 


VIRGINIA 
AVE. 


p" XQ SIDEWALKS 


Benchmark 


A benchmark, or job datum, is a 
point established by a surveyor on 
orcloseto the property and is often 
placed at one corner of the lot. A 
benchmark may also be placed at 
a point along the street curb next to 
the property. Benchmarks may be 
identified by a plugged pipe driven 
into the ground, brass marker, or 
wood stake. Benchmarks are also 
identified by scratching a mark into 
existing concrete. 

The location of a benchmark is 
shown on the plot plan with a grade 
figure next to it. The grade figure 
may bethe number of feet above sea 
level at that point, or it may be the 
number 100.0’. In the example plot 
plan, a 100.0' benchmark is shown 
atthe street curb near the southeast 
corner of the lot. 


Finish Grades 


The plot plan in Figure 25-1 
shows finish grades at all corners 
of the lot and at various other 
points on the lot, including the 
building corners, in the garage, 
and at the driveway. 
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Figure 25-2. This pictorial drawing is based on the plo 


ipu Se suh 
P cl dati in MA 


t plan in Figure 25-1. 


All finish grades are based 
upon their relation to the 100.0' 
benchmark. For example, the 
grade at the southeast corner of 
the lot is 100.2’, meaning that 


the ground is .2’ (%o’) higher at 
this point than at the benchmark 
(100.2’ — 100.0’ = .2’). The finish 
grade at the northwest corner of 
the lot is 103.0’, meaning that the 
ground is 3’ higher at this point 
than at the benchmark. 

The lot corner grades show 
that the lot slopes down from 
the northwest to the southwest 
corner. Notice that the finish 
grades closest to the building 
are higher than those farther out 
on the lot. The surface of the lot 
is graded so surface water will 
drain away from the house. See 
Figure 25-3. 

As shown in Figure 25-1, fin- 
ish grades at the front and back 
of the garage indicate that the 
concrete slab in the garage will 
slope .2’ toward the door open- 
ing (102.4’ — 102.2’ = .2’). The 
slope allows rainwater blown 
into the garage or melting snow 
on the vehicles in the garage to 
drain out. In the driveway, fin- 
ish grade points show a slope 
away from the garage and from 
north to south. 


FLOW OF 
SURFACE 
WATER 


Figure 25-3. A lot is graded to direct the flow of surface water away from the house. 


Natural Grades and 
Contours 


Some plot plans include the ex- 
isting (natural) grades as well as 
the finished grades. The existing 
grade refers to the condition of 
the lot before grading. Contour 
lines are sometimes drawn on 
the plot plan to show the exist- 
ing and finished surface shapes 
of the lot. 


Elevations 


The term "elevation" is often 
used interchangeably with the 
term "grade." More precisely, 
however, elevations are the 
heights established for different 
levels of the building. A plot 
plan usually shows the finish 
floor elevation of a building, 
which is the level of the first 
floor of the building in relation 
to the benchmark. The plot 
plan in Figure 25-1 shows the 
finish floor elevation as 105.0’ 
(5^ higher than the benchmark 
grade). During the construction 
of the building, many measure- 
ments are taken from the finish 
floor elevation. 


Converting Decimal Foot 
Measurements to Inches 
and Fractions 


The grades on a plot plan are 
usually indicated in feet and 
tenths of a foot. Occasionally, 
the grades are shown in feet 
and hundredths of a foot. Con- 
version charts provide a quick 
and easy way to change tenths 
and hundredths of a foot to the 
inches and fractions typically 
shown on a tape measure. The 
following example shows how 
to convert .86’ to inches using 
the conversion chart shown in 


Figure 25-4: 
1. Locate .86 in the conver- 
sion chart. 


2. Record the number of 
inches (10”) shown at the 
top of the column. 


3. Record the number “3” 
shown at the far left of 
the horizontal row. The 
number “3” represents 
the number of eighths of 
an inch. Therefore, the 
recorded number “3” rep- 
resents %”, 

4. Combine the results of 
steps 2 and 3: .86’ = 1094". 


A carpenter should be able to 
make decimal foot conversions 
mathematically in case a conver- 
sion chart is not available. Deci- 
mal foot values are converted to 
their inch equivalents by multi- 
plying the decimal foot value by 
12. For example, the inch equiva- 
lent of .75’ is 9” (.75 x12 = 9). Ifa 
decimal value remains after mul- 
tiplying the decimal foot value 
by 12, convert the decimal value 
to its fractional inch equivalent 
by multiplying the decimal by a 
common fraction denominator 
(lower number) such as 16, 8, 
or 4. For example, convert .7’ 
to inches using the following 
procedure: 

1. Multiply the decimal .7’ by 
12. The answer results in 
inches and decimal part of 
an inch. 


2. Multiply the decimal (.4) 
by a common fraction de- 
nominator such as 16, 8, or 
4. In this example, the 16 
denominator is used. 

4 
x 16 
6.4 

3. Round the answer to the 
nearest sixteenth. In this 
example, 6.4 is rounded to 
6 and %6” = 9$". 

4. Combine the results of steps 
Mand’ 327 = gos 

In the following example, con- 
vert .84’ to inches. 


1. Multiply the decimal .84 
by 12. The answer results 
in inches and decimal part 
of an inch. 

84’ 
x 12 
10.08” 


2. Multiply the decimal (.08) by 
a common fraction denomi- 
nator; in this example, 16. 


3. Round the answer to the 
nearest sixteenth. In this 
example, 1.28 is rounded 
to 1, or e. 


4. Combine the results of 


steps 1 and 3: .84' = 1046”. 


DECIMAL FOOT TO INCH 
AND FRACTIONAL INCH CONVERSION 


Figure 25-4. A conversion chart can be used to convert decimal foot measurements to 


their inch and fractional inch equivalents. 
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he first stage in the con- 
struction of a building in- 
volves a foundation. The 
foundation must be designed 


to support its own weight as 


well as the rest of the structure. 
Footings, foundation walls, and 
piers are the basic features of a 
foundation. A foundation plan 
provides information regarding 
the foundation and also in- 
cludes information about posts 
and beams that help support the 
floor unit above the foundation. 
If joists are used to support a 
floor unit, the size and spacing 
of the joists are noted in the 
foundation plan. 


One-story buildings, such 
as the example three-bedroom 
house, can be constructed over 
a full-basement, crawl-space, 
or concrete slab foundation. 
Foundation plans for the full- 
basement foundation and the 
crawl-space foundation are 
discussed in this unit. 


FULL-BASEMENT 
FOUNDATION 

The foundation plan for the 
full-basement foundation of the 
three-bedroom house is shown 
in Figure 26-1. The foundation 
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plan shows the foundation 
walls resting on footings. The 
footings extend from each side 
of the walls, making a T-shape. 
A T-foundation is commonly 
used in a full-basement founda- 
tion to distribute the load ofthe 
house to be constructed above. 
Carpenters construct the forms 
according to the foundation 
plan and concrete is placed in 
the completed forms. 


The following is an explana- 
tion of the items identified on 
the foundation plan in Figure 
26-1. When reviewing the foun- 
dation plan, compare the fea- 
tures with the pictorial drawing 
shown in Figure 26-2. 


A. Foundation footings: Hid- 
den (dashed) lines on each 
side ofthe foundation walls 
indicate the foundation 
footings. Hidden lines are 
used to represent footings 
because the outside edge of 
the footings is covered by 
soil and the inside edge is 
covered by the basement 
concrete slab. 


B. Rear stoop: Rear stoops 
are located at the two rear 
entrances to the house. For 
each stoop, a low concrete 
foundation wall around 
the outside edges supports 
a concrete slab. The stoops 
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are filled with soil and 
tamped (pressed down) 
before the slab is placed. 

Garage area: Note the “un- 
excavated, fill and tamp" 
instructions. Soil will not be 
removed in the garage area. If 
necessary, soil will be added 
and tamped before concrete 
for a slab is placed (poured). 


Front porch: For the front 
porch, a concrete slab is sup- 
ported at the front edge by a 
low foundation wall without 
a footing. A footing is not 
required in this area since 
heavy loads are not antici- 
pated for the front porch. 


Column footing: Column foot- 
ings measuring 24" x 24" x 12" 
are placed below the pipe 
columns. 

Pipecolumns: Hollow steel 
columns, 4" in diameter, 
rest on the column footings. 
Dimensions from the foun- 
dation walls to the centers 
of the columns, and from 
the center of one column to 
the next one, are provided. 
Foundation wall: Founda- 
tion walls are shown with 
object (solid) lines on a 
foundation plan. Founda- 
tion walls extend around 
the outside of the house 
and garage. 
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Figure 26-1. The example three-bedroom house can be built over a full-basement foundation. Compare this foundation plan with the 
pictorial drawing in Figure 26-2. 
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Figure 26-2. This pictorial drawing is based on the foundation plan in Figure 26-1. 
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H. Window and areaway: Base- 
ment windows extend below 
grade level. The open space 
around each basement win- 
dow is an areaway (window 
well), and is used for light 
and ventilation. Each area- 
way is surrounded by 3'-0" 
diameter galvanized steel. 

I. Steel beam: An 8” wide- 
flange steel beam that weighs 
18 lb/ft is used to support 
the loads across the center 
of the house. 

J. Stairway: The stairway lead- 
ing from the basement to the 
main floor has 13 risers and 
12 treads. 

K. Floor joists: The direction 
in which the floor joists run 
is shown by an arrow. One 
end ofthe joists rests on the 
outside foundation walls 


and the other end rests on 
the steel beam. The joists are 
spaced 16" OC (on center). 

L. Terrace: A low concrete 
foundation wall, measuring 
8" thick, extends around the 
outside edges of the terrace. 
The terrace should be filled 
and tamped. 


CRAWL-SPACE 
FOUNDATION 


Although the example three- 
bedroom house plan specifies a 
full-basement foundation, the 
same building could also be 
constructed over a crawl-space 
foundation. A crawl-space foun- 
dation does not have a basement 
area. Crawl space refers to the 
distance (typically 18" or more) 
between the bottoms of the 
floor joists and the ground. The 


main difference between the 
full-basement and crawl-space 
foundation is the height of the 
walls. In addition, stairways and 
areaways are not required in a 
crawl-space foundation. 

An example of a crawl-space 
foundation plan for the three- 
bedroom house is shown in Fig- 
ure 26-3. When reviewing the 
crawl-space foundation plan, 
compare the features with the 
pictorial drawing shown in Fig- 
ure 26-4. Wood posts (6" x 6^) are 
used to support a 6" x 10" glulam 
beam. The wood posts rest on 
24" x 24" x 12" concrete footings. 
Dashed lines on the crawl-space 
foundation plan indicate that 
the joists are doubled where 
the walls above run in the same 
direction as the joists. 
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Figure 26-3. The example three-bedroom house can be built over a crawl- 


products. Double joists, indicated with dashed lines, are used where the walls above run in the same direction as the joists. Compare 
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this foundation plan with the pictorial drawing in Figure 26-4. 
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space foundation. Note that the posts and beam are wood 
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Figure 26-4. This pictorial drawing is based on the foundation plan in Figure 26-3. 
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loor and wall construction 


begins after the founda- - 


tion has been completed. 
A floor plan provides most of 
the information for floor and 


wall construction and gives a- 
plan view (view looking down) - 


of the floor level above the 
foundation. A one-story house 
requires only one floor plan. 
Most multistory buildings re- 
quire a separate floor plan for 
each level. However, multistory 
buildings where the same room 
layout is desired on each level, 
such as office complexes and 
hotels, often provide one floor 
plan for each level with identi- 
cal layouts. 


Floor plans indicate the posi- 
tions of exterior walls and parti- 
tions (interior walls). The shape 
and arrangement of the rooms 
can be envisioned by studying 
the floor plan. The floor plan 
also shows all the door and 
window openings. Electrical 
items such as receptacles, light 
outlets, and switches are noted. 
Locations of plumbing fixtures 
and appliances such as lava- 
tories, water closets, bathtubs, 
shower stalls, and stoves are 
also provided. 
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Many floor plans also provide 
information about the heating 
and cooling systems used in 
the building. Locations of base- 
board heating units or wall or 
floor openings for supply and 
return registers that connect 
with a central heating system 
are shown. 

Figure 27-1 is the floor plan 
for the example three-bedroom 
house. When reviewing the 
floor plan, compare the features 
with the pictorial drawing 
shown in Figure 27-2. The fol- 
lowing is an explanation of the 
items identified on the floor 
plan in Figure 27-1: 


A. Lighting outlet: The sym- 
bol indicates an overhead 
(ceiling) light. The over- 
head light symbol appears 
in most rooms of the house 
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(except the living room). 
The symbol for a fluores- 
cent ceiling light is shown 
in the kitchen. 

Pocket door: When opened, 
a pocket door slides into a 
pocket inside the wall. 
Sliding glass doors: Two slid- 
ing glass doors open from the 
family room to the terrace. 
Terrace: A 3” thick con- 
crete slab is covered by 2” 
thick flagstone to form the 
terrace. 

Kitchen cabinets: Cabinets 
are shown along the north 
and south walls of the kitch- 
en. Cabinet details are pro- 
vided in other drawings. 
Garage area: A 4” thick con- 
crete slab is identified. The 
slab, which measures 20-8” 


Southern Forest Products Association 


A multistory structure requires a floor plan for each level. 


door so rainwater and melt- 
ing snow do not accumulate 
in the garage. 


Attic access: Also known as 


a scuttle, the attic access is 
a ceiling opening covered 
by a removable panel. 


Planter box: The width and 


length of the planter box 
are 1'-8" x 15'-4", Details 
regarding the structure and 
material used are provided 
in section drawings in the 


plans. 


I. Wall opening: Hidden lines 
indicate a wall opening 
without a door. The open- 


ing is between the living 


room and the family room. 
J. Ceiling joists: The arrow 
indicates the direction in 


which the ceiling joists run. 
The size and spacing of the 
joists are 2 x 6-16” OC. 
Front entrance door: The 
front entrance door swings 
into the living room. The 
circled “A” on the print 
refers to a door schedule, 
which provides the size of 
the door and other informa- 
tion. There is a step from 
the front porch to the living 
room level. 

Front porch: The porch area 
consists of a concrete slab 4” 
thick. A step from the walk 
to the porch is indicated. 
Hose bibb: Hose bibbs, or 
sillcocks, are threaded wa- 
ter faucets to which hoses are 
attached. Hose bibbs must be 


N. 


O. 


fitted with a vacuum breaker 
to protect against back- 
siphonage and prevent 
contaminated water from 
entering the water supply 
system. 

Exterior wall: Lengths of 
exterior walls are shown by 
dimension lines. Note that 
the exterior walls are not 
aligned along the south side 
(front) of the house. 
Electrical receptacle: The 
symbol indicates a duplex 
(double) receptacle outlet. 
Duplex receptacle outlet sym- 
bols are shown in all rooms of 
the house. In the kitchen and 
bathrooms, a ground fault 
circuit interrupter (GFCT) 
outlet is indicated. 
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Figure 27-1. The thre 
Compare the floor pla 


e-bedroom house includes three bathrooms, family room, living room, kitchen, and an attached two-car garage. 
n with the pictorial drawing in Figure 27-2. 
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P. 


Wall switch: A wall switch is 
located next to the door open- 
ing. A hidden line extends 
from the switch to the light it 
controls. 

Partition: Interior, non-load- 
bearing walls are typically 
referred to as partitions. Mea- 
surements to the partitions of 
the three-bedroom house plan 
are to the centers ofthe walls. 
In this example, the partition 
is laid out by measuring 13’-2” 
from the outside face of the 
west exterior wall to the cen- 
ter of the partition. 

Closet: Bedroom closets are 
equipped with bi-fold doors. 
An overhead light is shown 
in the closet, with a wall 
switch immediately outside 
the closet. 
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Do 


PARTITIONS 


E S, (INTERIOR WALLS) 


plan in Figure 27-1. 


Bi-fold doors: Bi-fold doors 
are attached to the closet 
opening at the sides and 
have a hinge in the middle. 
Bi-fold doors are available 
in a variety of sizes. 
Window: A pair of double- 
hung windows are shown 
here. The circled *R" above 
the window refers to a win- 
dow schedule, which pro- 
vides window size and 
other pertinent informa- 
tion. Window location is 
established by a dimension 
line that identifies the cen- 
ter of the window unit. In 
this example, the “R” type 
window is laid out by mea- 
suring 5'-8" from the out- 
side face of the west wall to 
the center of the window. 


“= 


Bathroom: Three bathrooms 
are shown on the floor plan. 
One bathroom (master bath- 
room) is entered from Bed- 
room #1, asecond bathroom 
is entered from the hallway, 
and the third bathroom is 
entered from the utility 
room. Plumbing fixtures 
in the master bathroom 
include a lavatory, water 
closet, and shower stall. 
Rear entrance door: The 
identified stoop, which 
leads to a rear entrance 
door, is 16” above ground 
level. (The grade elevation 
difference is shown in the 
west elevation in Unit 28.) 
Another stoop and rear 
entrance door lead into the 
utility room. 


"Exterior ~ 


! Elevations 


n exterior elevation isa - 
view from the side of a 
structure. An elevation 


drawing ofthe side of a building 


includes the wall surface and - 
the roof. Elevation drawings 
clarify and provide additional - 


details regarding information 


shown on a floor plan. For ex- - 


ample, a floor plan indicates 
where the doors and windows 
are located in the exterior walls. 
An elevation view of the same 


wall shows the appearance of © 


the doors and windows. 


Elevation drawings typically 
identify the materials used to finish 
the outside surfaces of the walls 
and roof. The height from the fin- 
ished floor to the finished ceiling 
and the height from the floorto the 
top ofthe door and window open- 
ings are also provided. 

Downspouts leading from roof 
gutters and the roof vents also 
appear on elevation drawings. 
Flashing required over doors 
and windows and on the roof is 
described. The locations of di- 
agonal bracing may be indicated 
by dashed lines. 

Elevation drawings are com- 
monly identified by compass di- 
rection, such as north, south, east, 
or west. The plot plan included in 


Unit 25 shows that the rear wall 
of the house is toward the north 
side of the lot. For this reason, 
the rear wall is referred to as the 
north wall. Another way to iden- 
tify elevation drawings is to refer 
to them as the front, rear, left, and 
right elevations. 


SOUTH AND EAST 
ELEVATIONS 


The south and east elevations 
show the front and right side 
of the example three-bedroom 
house. See Figure 28-1. The ex- 
terior wall in the south elevation 
extends across Bedroom #2, Bed- 
room £3, living room, and one 
side of the garage. The exterior 
wall ofthe east elevation extends 
along the front ofthe garage, one 
side of the utility room, and the 
bathroom located off the utility 
room. When reviewing the eleva- 
tions, compare the features with 
the pictorial drawing shown in 
Figure 28-2. The following is an 
explanation ofthe items identified 
on the elevations in Figure 28-1: 


A. Cutting planeline B: Cutting 
plane line B refers to the 
Garage Section B-B drawing 
(shown in Unit 29). 

B. Stone veneer: Cut stone, 
which is 4" thick, finishes 
off the exterior wall in this 
area. The cut stone extends 


along the front of the plant- 
er box. 

Garage foundation wall: 
There is no basement under 
the garage area ofthe house. 
Less depth is required for 
the garage foundation walls 
and footings. 

Planter box: A front view of 
the planter box is shown. 
Front entrance door: A flush 
door with three glass lights 
(panes) is shown at the front 
porch. 

Front porch foundation 
wall: Hidden lines identify 
the low concrete founda- 
tion that supports the front 
edge of the concrete floor 
slab. No footing is required 
since heavy loads are not 
anticipated in this area. 
Basement floor slab: Hidden 
lines indicate the top of the 
concrete basement floor slab. 
Shutters: Wood shutters are 
placed at each side of the 
window units. 

Foundation wall: The out- 
lines for the foundation 
walls are shown with verti- 
cal hidden lines. 
Double-hung window units: 
The windows shown in 
the south elevation are the 
same “R” type window units 
shown in the south bedroom 
walls on the floor plan. 
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Figure 28-1. Exterior elevations, such as the south and east elevations, are views from the side of a building. Compare the elevations 
with the pictorial drawing in Figure 28-2. 
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Figure 28-2. This pictorial drawing is based on the south and east elevations in Figure 28-1. 
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Cutting plane line A: Cut- 
ting plane line A refers to 
Thru-House Section A-A 
(shown in Unit 29). 
Picture window: The pic- 
ture window, or fixed-sash 
window, cannot be opened. 
Double-hung window units 
are shown at each side of 
the picture window. 

. Unitrise: The small triangle 
indicates a 5" unit rise, 
meaning that the roof rises 
vertically 5" for every 12" of 
horizontal run. Unit rise is 
also referred to as pitch or 
slope (in Canada). 

Vertical siding: The gable 
end of the intersecting roof 
is finished with 1 x 8 and 
1 x 12 vertical redwood or 
cedar boards. 

Awning window: Awning 
windows are installed in the 
south garage wall. The hid- 
den lines indicate the win- 
dows are hinged at the top. 
Bevel siding: Redwood 
34" x 10" boards are used 
for exterior finish in this 
portion of the wall. 
Terrace: A side view of the 
terrace is shown. 

Stoop: A side view of one of 
therear stoops is shown. Note 
the step up to the stoop. 
Stoop foundation: The 
dashed lines show a small 
foundation that provides 
support around the perim- 
eter of the stoop. 

Basement window and area- 
way: Steel-framed basement 
windows extend below the 
surface of the ground. 
Garage door: A panel over- 
head garage door with four 
lights is shown. 
Foundation footing: The top 
and bottom ofthe footings are 
identified with hidden lines. 


The width and thickness of 
the footing are provided in 
the view to the left of the 
east elevation. 
Downspout: A downspout 
is a rectangular channel, 
usually aluminum or plas- 
tic, which carries rainwater 
from roof gutters to the 
ground. A splashblock at 
the base of the downspout 
directs rainwater away from 
the building. 

Cutting plane line C: Cutting 
plane line C refers to Section 
C-C (shown in Unit 29). 
Basement ceiling height: 
The distance from the top 
of the basement floor slab 
to the bottom of the floor 
joists is 7'-0". 
Floor-to-ceiling height: The 
distance from the top ofthe 
subfloor to the bottom of 
the ceiling joists is 8’-1”. 


AA. Asphalt shingles: The mate- 


BB. 


CG, 


rial used as finish roof cov- 
ering is asphalt shingles. 
Louver: A louver is located 
under the roof ridge to pro- 
vide attic ventilation. 
Roof vent: Exhaust from 
gas appliances, such as the 
stove, water heater, and fur- 
nace, is expelled through 
the roof vent. 


NORTH AND WEST 
ELEVATIONS 


The north and west elevations in 
Figure 28-3 show the back and 
left sides of the house. For con- 
sistency in appearance, the same 
type of bevel siding specified for 
the south and east elevations is 
used. Asphalt shingles are again 
identified on the roof. When re- 
viewing the elevations, compare 
the features with the pictorial 
drawing shown in Figure 28-4. 
The following is an explanation 


of the items identified on the 
elevations in Figure 28-3: 


A. Roof vent: Another view of 
the roof vent shown on the 
east elevation is shown in 
the north elevation. 

B. Casement window: Case- 
ment windows are hinged on 
the side and swing outward 
(similar to doors). Hidden 
lines indicate side hinges. 
The only casement windows 
used in the building are lo- 
cated in the wall area above 
the kitchen sink. 

C. Sliding glass doors: Sliding 
glass doors lead from the fam- 
ily room to the terrace. One 
door is usually stationary, 
and the other door slides to 
provide access to the house. 

D. Rear stoop: A front view of 
the rear stoop is shown in 
the north elevation. Hid- 
den lines indicate the stoop 
foundation. Another rear 
stoop is located directly to 
the right of the terrace. 

E. Rear entrance door: A panel 
door with three lights leads 
into the utility room. An 
identical door over the other 
stoop leads into the stair 
landing off the family room. 

F. Barge rafter and trim: The 
gable end of the roof is fin- 
ished with barge rafters, or 
fascia rafters. 

G. Stairway: Hidden lines show 
the outline of the stairway 
that leads from the basement 
to the main floor. 

H. Front porch: A side view ofthe 
porch is shown in the west el- 
evation. Hidden lines indicate 
the porch foundation. 

I. Planter box: A side view of 
the planter box is shown in 
the west elevation. Hidden 
lines indicate the planter 
box foundation. 
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Figure 28-3. The north and west elevations of the three-bedroom house show the rear and left side of the building. Compare the eleva- 
tions with the pictorial drawing in Figure 28-4. Note that the plan view showing the building outline has been reversed so that the 
north (back) wall is at the bottom of the drawing and the west (side) wall is at the right. 


Figure 28-4. This pictorial drawing is based on the north and west elevations in Figure 28-3. 
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section view is a draw- 
ing showing the part of 
a building that would be 


revealed if a vertical or horizon- 
tal cut was made through the 


building. Section views provide . 
information that cannot be ob- . 


tained from other drawings in 


a set of prints. For example, — 


section views show the struc- 
tural members and materials used 
inside the walls and on exterior 


surfaces. The height, thickness, ` 


and shape ofthe walls are shown 
and window and door heights 


are often specified. The prints for . 
the three-bedroom house contain - 


several section views. 


Section views must be re- 
lated to the other drawings of 
the prints for clarity. Cutting 
plane lines are usually found on 
foundation plans, floor plans, 
and exterior elevations. Section 
views shown in this unit are 
based on the position of cutting 
plane lines appearing in plans 
and elevations shown in Units 
26, 27, and 28. 


THRU-HOUSE SECTION A-A 


To the right of the picture window 
in the south elevation shown in 
Unit 28, a cutting plane line 
extends through the roof, wall, 


Section 


Views 


and foundation. At each end 

of the line, an arrow points to 

the right with an “A” next to it. 

The arrows point in the direc- 

tion of what would be seen if a 

transverse section cut were made 

across the house. A transverse 
section presents a view across 
the width of the house. (A longi- 
tudinal section presents a view 
across the length of the house.) 

The "A" refers to a drawing 

called Thru-House Section A-A, 

which is shown in Figure 29-1. 

When reviewing the section 

view, compare the features with 

the pictorial drawing shown in 

Figure 29-2. 

The following is an explana- 
tion of the items identified in 
Thru-House Section A-A in 
Figure 29-1: 

A. Roof rafter: The size and 
spacing of the roof rafters 
are indicated on the left 
side of the section view. 


B. Roof slope: Similar to the 
elevations, the unit rise of 
the roof is provided on the 
section view. 


C. Cornice construction: The 
area under the roof overhang 
is the cornice. When a cor- 
nice is closed in, as shown in 
the drawing, nailing blocks 
are placed between the ends 


G. 


of the rafters and the wall. 
The material used to close in 
the cornice is 28" plywood. 


Window and door heights: 
Typically, the tops of all 
doors and windows align 
horizontally. A dimension 
(6'-8/2") is given from the 
subfloor to the top of the 
doors and windows. 

Front porch: A 4^" thick 
concrete slab with steel 
reinforcement is shown for 
the front porch. 


Planter box: The inside wall 
of the planter box rests on 
the front porch. The outside 
wall is supported by a foot- 
ing. The height ofthe planter 
box (2’-0”) is measured from 
the porch slab. A dimension 
line at the top of the planter 
box indicates the overall 
width of the planter box is 
1'-8". Material used for con- 
struction of the planter box 
is also specified. 


Grade line: The grade line is 
the level ofthe ground at the 
outside of the foundation 
walls, and is indicated with 
a horizontal line marked 
"GL." The grade elevation 
is 103.3’, which is .3’ higher 
than the benchmark identi- 
fied in the plot plan. 
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Figure 29-1. Thru-House Section A-A represents o transverse section across the width of the house from north to south ond shows the 
foundotion, first floor, wolls, ceiling, ond roof. Compore Thru-House Section A-A with the pictoriol drowing in Figure 29-2. 


H. Front porch foundation wall: concrete base for each col- 


The thickness of the founda- 


used to prevent the joists 


tion wallis 8". The bottom of 
the foundation wall is below 
the frost line. 

. Foundation footing: The width 
and thickness of the founda- 
tion footing are 16" x 8". 

. Floor joist: The size and 
spacing of the lapped floor 
joists are 2 x 10-16” OC. One 
end of the joists rests on the 
foundation wall. The lapped 
end rests on top of the steel 


beam running the length of 
the house. 

. Column: Steel pipe columns 
(4" diameter) support the 
steel beam. The spacing of 
the columns is shown in the 
foundation plan. 


L. Column footing: The square 
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umm is the column footing. 
The dimensions of the foot- 
ing are 24" x 24" x 12". 


. Column footing reinforce- 


ment: Column footings require 
reinforcement for additional 
strength. The spacing and 
number of reinforcing bars are 
three #4 rebar each way. 


. Basement floor: The concrete 


slab thickness for the base- 
ment floor is given. The slab 
is placed over a 4” layer of 
crushed stone. 


. Floor beam: A wide-flange 


steel beam is used. The verti- 
cal dimension of the beam is 
8" and it weighs 18 lb/ft. 


. Cross bridging: Cross bridg- 


ing is placed between the 
joists at the center of their 
spans. Cross bridging is 


from tipping or rolling. 
Slab reinforcement: Welded 
wire reinforcement (wire 
fabric) used for slab re- 
inforcement is shown by 
the hidden lines inside 
the slab. The welded wire 
reinforcement (WWR) used 
for slab reinforcement is 
6 x 6-W2.0 x W2.0 WWR. 
Footing reinforcement: 
Footings are reinforced 
with three #4 reinforcing 
bars (rebar). A #4 bar is 4%”, 
or !?" in diameter. 


. Drain tile: Drain tile is 


placed in a layer of crushed 
rock next to the footing to 
move water away from the 
foundation. 


. Foundation wall rein- 


forcement: Rebar size and 


W. 


Figure 29-2. This pictorial drawing is ba 


horizontal and vertical spac- 
ing are indicated toward the 
right foundation wall. 


. Foundation wall: The height 


ofthe foundation walls from 
the top of the footing to the 
bottom ofthe first floor joist 
is shown. The thickness of 
the foundation walls is 8". 
Header joist: The pieces 
that nail into the ends of the 
regular joists are the header 
joists. 

Wall insulation: Blanket or 
batt insulation is placed 
between the studs. 


. Sill plate: A sill plate, or 


mudsill, is installed on 
top of the foundation wall. 
The anchor bolts are Ss" 


EXTERIOR 
WALL 


34" x 10” 


BEVEL SIDING 


t Me 


FOUNDATION ut 
WALL HEADER JOIS 


FOUNDATION 
FOOTING 


T rura iat 


Aye 


Z 


diameter by 12” long and 
are spaced 4’-0” OC. 


. Moldings: The finish pieces 


placed at the bottom of a 
wall are the base and shoe 
moldings. 


. Partition: A partition, or 


interior wall, is shown. 


AA. Floor-to-ceiling height. The 


BB. 


CC. 


ed on Thru-Hou 


distance from the top of the 
subfloor to the bottom of 
the ceiling joists is 8'-1". 
Roof overhang: Roof over- 
hang (1’-8”) is the horizon- 
tal distance from the side of 
the house to the end of the 
rafters. 

Exterior wall: The size and 
spacing of the studs for the ex- 
terior wall are 2 x 6—16" OC. 


FLOOR 
JOISTS 


se Section A-A in Figure 29-1. 


DD. Ceiling insulation: Blanket 


EE. 


FE. 


or batt insulation is placed 
between the ceiling joists. 
Ceiling joist: The ceiling 
joists are 2 x 6-16” OC. 
Rafter braces and purlin: 
Rafter braces (2 x 4s) sup- 
port a 2 x 4 purlin, which 
is a horizontal member that 
provides additional support 
to the rafters. The purlin is 
notched into the top ends of 
the braces. 


GG. Roof finish: Wood sheathing 


is covered with building 
paper and then with asphalt 
shingles. 


HH. Collar tie: Collar ties tie op- 


posite rafters together. 
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SECTION B-B C 


A section view ofthe garage wall 
is also included in the three-bed- 
room house plan. At the right D. 
side ofthe south elevation shown 
in Unit 28, a cutting plane line E, 
with arrows labeled with a “B” 
extends through the garage. The 
"B" refers to a drawing called 
Section B-B, which is shown in 
Figure 29-3. When reviewing 
the section view, compare the 
features with the pictorial draw- 
ing shown on the right side of 
Figure 29-3. The following is an 
explanation of the items identi- 
fied in Section B-B: 
A. Roofrafters: The roof rafters 
are 2 x 6—16" OC. F. 
B. Roof finish material: As- 
phalt shingles are identified 
for the roof. 
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Figure 29-3. Section B-B shows a section view of the garage area. 
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d 3/4" X 10" BEVEL SIDING 


L CEILING 
HEIGHT 


Cornice trim: Trim (1” x 2”) 
is nailed at the top of the 
1 x 8 barge rafter. 

Ceiling joist: The ceiling 
joists are 2 x 8—16” OC. 
Exterior finish: The low- 
er portion of the exterior 
walls in the garage area has 
a stone veneer. The upper 
part of the walls has bevel 
siding. Sheathing covered 
with building paper is 
placed against the stud 
wall before the stone and 
bevel siding are applied. A 
1” air space is behind the 
stone veneer. 

Ceiling height: The distance 
from the top ofthe concrete 
slab to the bottom of the 
ceiling joists is 9'-1". 


M 


LN 


CORNICE 


TRIM; 


A 


Garage wall: The size and 
spacing of the studs for the 
garage are 2 x 6-16” OC. 
Garage floor: The concrete 
slab for the garage floor 
is 4” thick. A 4” layer of 
crushed stone is shown 
beneath the slab. 
Foundation wall: The thick- 
ness of the garage founda- 
tion wall is 11” and the 
minimum distance that the 
wall must extend above 
the ground is 8”. 
Foundation footing: The 
width and depth of the 
footings are 22" x 11". Steel 
reinforcement consists of 
three #4 rebar running the 
length of the footing. 

Frost line: The top of the 
footing must be below the 
frost line in the area. 
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A pictorial drawing based on Section B-B is shown at the right. 


SECTION C-C 


The three-bedroom house plan 
includes a section view to clarify 
the corner construction at the 
southeast corner of the garage. 
The east elevation shown in Unit 
28 includes a cutting plane line 
with arrows at the ends labeled 
with a "C." Note that the arrows 
are pointing down, which indi- 
cates that the section will be a 
view looking down. When review- 
ing the section view, compare the 
features with the pictorial drawing 
shown on the right side of Figure 
29-4. The following is an expla- 
nation of the items identified in 
Section C-C: 
A. Masonry veneer: The edge 
of the cut stone veneer is 
shown. 


B. Corner framing: The cor- 
ner is framed with three 
2 x 6 studs. 

C. Wall sheathing: Panel sheath- 
ing is nailed against the stud 
wall. 

D. Siding: A top view of the 
bevel siding is shown. 


E. Corner trim: A 1/4" x 3%” 


board fits against the siding 
to cover the gap between the 
sheathing and the cut stone. 
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SCALE: 3°= 1-0" 


PICTORIAL VIEW OF SECTION C- 


Figure 29-4. Section C-C shows a section view of the southeast corner of the three-bedroom 
house. A pictorial drawing based on Section C-C is shown at the right. 
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detail provides an en- 
larged view of a part of 
a building that cannot 
be fully shown or explained in 
other drawings of the prints. 
Details may appear on the same 
sheet as a related drawing, or 
may be on a separate sheet 
consisting of detail drawings 
and/or section views. Examples 
of construction features that of- 
ten require details are door and 
window units, kitchen cabinets, 
stairways, fireplaces, roof cor- 
nices, and trim materials. 

A set of prints for a wood- 
framed house may also include 
framing plans. These plans 
provide information on con- 
structing the framework of the 
building. 


DETAILS 


The three-bedroom house plan 
includes elevation and plan 
view detail drawings for win- 
dows, doors, stairs, and kitchen 
cabinets. The detail drawings 
clarify and provide additional 
information for these house 
components, which are shown 
on the floor plan and exterior 
elevations. 
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Window Details 


The floor plan and elevation 
drawings ofthe three-bedroom 
house plan show three types 
of windows. Double-hung win- 
dows are located in the bed- 
rooms and on each side of the 
picture window in the living 
room. Double-hung window 
details are shown in Figure 
30-1. Awning windows are 
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Li 


Detail and [ul a 
Framing Plans , "| 
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uc 


j| 


to be installed in the garage, 
utility room, family room, and 
bathrooms. Awning window 
details are shown in Figure 
30-2. Casement windows are 
located over the sink in the 
kitchen and fixed windows are 
installed in the foundation wall; 
however, detail drawings are 
not provided for these windows 
in the plans. 


e 


Trus Joist, A Weyerhaeuser Business 


Windows must be properly framed to ensure that roof loads are transferred to the 
foundation. Temporary braces are installed until structural sheathing is applied to 


the walls. 


Double-Hung Window and Frame Details _ 
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A double-hung window has two vertical sliding sashes placed in adjoining tracks. Both sashes can be opened 
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WINDOW SASH 


Figure 30-1. 
at the same time and slide past one another. 
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Awning Window and Frame Details 


Figure 30-2 
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Figure 30-2. The bottom of an awning sash swings out to provide ventilation. 


Door Details and forth on hinges installed on 
the side jamb. Exterior doors pro- 
The floor plan and elevation vide access to the outside of the 
drawings show three types of house. See Figure 30-3. Interior 
doors. Hinged doors are located doors are located at many of the 
at all the outside entrances to the openings between rooms inside 
house. Hinged doors swing back the house. See F igure 30-4. 
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Interior Door and Frame Details 


Figure 30-4 
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Figure 30-4. Interior door construction details are found on the plan and section view, while door size and type are found 


on the door schedule. 


Pocket sliding (recessed) doors 
are located in two walls of the 
kitchen. Pocket sliding doors 
slide into a space (pocket) framed 
in the wall. See Figure 30-5. 

Bi-fold doors are located at the 
entrances of all bedroom closets. 
See Figure 30-6. The closets in 
Bedrooms #1, #2, and #3 have 
double bi-fold doors. The closet 
in Bedroom #1 also has a single 
bi-fold door. 
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A bead of waterproof caulk is applied between the sill and threshold of an exterior 
door to reduce air infiltration into the building. 


Pocket Sliding (Recessed) oor and Frame Details 
Figure 30-5 ————— —À mpm 
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sliding (recessed) doors in the kitchen slide into spaces framed into the wall. The details show 


Figure 30-5. Two pocket 
how to frame the pocket and hang the door. 


Unit 30 Details and Framing Plans 237 


Bi-Fold Door and Frame Details . 
Figure 30-6 " 
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Figure 30 6. Bi fold doors hang from a track and are hinged to each other. 
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Stair Details stairwell is included in the detail. doubled to provide addi- 


A good example of a structural The following is an explanation tional support. l 

detail drawing is the stairway de- of the items identified on the B. Handrail: The thickness 
tail in Figure 30-7. The stairway elevations in Figure 30-7: and width of the railing are 
(shown in both the floor planand A. Double header: The header given. 

foundation plan) extends from is the framing member at C. Doubletrimmer: Double 2x 10 
the stair landing off the family the ends of the stairway floor trimmers are used along the 
room into the basement. A plan opening. Framing members sides of the stairway open- 
view of the framing around the around a floor opening are ing for added support. 


Basement Stai 
Figure 30-7 
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and details provide framing information for the stairway and stairwell opening. The framing 


i : ion view ; 
ED RM dimensions for the stairwell opening and the headroom for the stairway. 


information includes proper 
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G. 


Stairwell: The floor opening 
for the stairway is the stairwell. 
The stairwell length (10’-10”) 
is given in the elevation sec- 
tion view and plan view. 
Handrail post: The thickness 
and width of the railing 
posts are given. 

Treads and risers: The depth 
of the treads (10”) and height 
of the risers (7%6”) are given. 
Headroom: Headroom is mea- 
sured from the bottom of the 
floor opening header to a line 
running diagonally through 
the front edge of each tread. 
Finish treads: Finish treads 
are the surface that is walked 
upon when ascending and 
descending the stairway. 
Stair stringers: Stair string- 
ers are the main support for 
the stairway, and are located 
at the center and on both 
sides of the stairway. 
Stairwell width: The stair- 
well width is shown in the 
plan section view. 
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Detail Drawings 
Media Clip 


Kitchen Cabinet Details 


The floor plan for the three- 
bedroom house plan indicates 


SOUTH KITCHEN CABINET ELEVATION 


8-04" 


SCALE: 1/2" = 1-O* 


that kitchen cabinets are to be in- 
stalled along the north and south 
kitchen walls. Details for the H. 
kitchen cabinets are shown in 
Figure 30-8. When reviewing the 
details for the kitchen cabinets, 
compare the features with the pic- 
torial drawing shown in Figure 
30-9. Thefollowingisanexplana- —( 
tion ofthe items identified on the 
details in Figure 30-8: 


A. Soffit: The space between the 
top ofthe wall cabinets and the 
ceiling will be closed off flush 
to the face of the cabinets. J. 

B. Cabinet doors: All cabinet 

sections have double doors, 

allowing access from the left x 

and right. l 

Countertop range: The range 

fits into the countertop. 

D. Oven: The proper amount of 
space must be provided for 
the oven. 

E. Base cabinet shelves: Hidden 
lines indicate shelves in each 
section. 

F. Width of base sections: The M. 
base cabinets for the three- 
bedroom house consist of 
a number of sections that 
are fastened together. The N. 
width is provided for each 
section. 

Length of base cabinets: 
The total length of the base 
cabinets is given. A space 
to the left of the north wall 


Q 


cabinets is provided for a 
refrigerator. 

Door handles: Short lines to- 
ward the top of the base cab- 
inet doors indicate handles. 
Handles are also installed 
at the bottoms of the wall 
cabinets. 

Window space: The north 
kitchen wall plan indicates 
the location of a window. 
The window schedule gives 
the width and height of the 
window. 

Depth of wall cabinets: The 
section view shows the 
depth of the wall cabinets. 
Height of wall cabinets: The 
distance from the bottora to 
the top of the wall cabinets 
is shown. 

Distance between base and 
wall cabinets: The distance 
from the countertop to the 
bottom of the wall cabinet 
is given. 

Depth of base cabinet: The 
distance from the front to 
the back of the base cabinet 
is given. 

Sink area: A stainless steel 
self-rimming kitchen sink 
is installed in an opening 
in the base cabinet coun- 
tertop. Part of the faucet 
fixture is visible above the 
counter. 


NORTH KITCHEN CABINET ELEVATION 


SCALE: 1/2" = 1-0" 


Figure 30-8. Kitchen elevations provide detailed infermation to ensure proper spacing of cabinets and appliances. A 
pictorial drawing based on the detail of the nerth wall cabinets is shown in Figure 30-9. 
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O. Dishwasher: An automatic sink area (north wall) and occupants to comfortably rest 


dishwasheris located underthe range area (south wall). against the cabinets. 
counter to the left of the sink. Q. Height of base cabinet: The : 

P. Drawers: The section to the distance from the floor to Trim Material Details 
right of the sink consists of the countertop is given. A set of prints often includes de- 
five drawers. Drawers are R. Toe space: A toe space is pro- tails showing the size and shape of 
at the top of other sections. videdatthebottom ofthebase ^ the molding for the interior finish 
There are no drawers in the cabinets, allowing kitchen ofthe house. See Figure 30-10. 
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SHOE MOLDING 
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Figure 30-10. Base and shoe molding is fitted to the floor at the bottom of the wall. The casing molding goes around the 


door and window openings. 
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FRAMING PLANS header and garage door header. ^ performance rated panel is com- 
A 2x14 is used as a garage door monly used to provide lateral 
The three-bedroom house plan header to prevent sagging dueto support, eliminating the need for 
includes framing plans for exterior the long unsupported span and wood or metal let-in bracing. 
walls, floor and ceiling units, the weight of the door on the 
and roof. Figure 30-11 shows header. 
the framing plan for the south Figure 30-12 shows the fram- 
and east exterior walls. Note ing plan for the north and west 
the header size for the window exterior walls. OSB or another 


| Framing Plans— South and East Elevations 
Figure 30-11 
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Figure 30-11. The south and east elevation framing plans provide information about framing members of the south and 
east exterior walls, 
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Framing Plans—North and West Elevations 


Figure 30-12 
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Figure 30-12. The north and west elevation framing plans provide information about framing members of the north and 


west exterior walls. 


Figure 30-13 shows the floor 
joist framing plan for the three- 
bedroom house. Joists are dou- 
bled under all partitions running 
parallel to the joists. Metal cross 
bridging is installed to prevent 
joists from twisting. 


The framing plan forthe ceiling 
joists is shown in Figure 30-14. 
Ceiling joists and rafters should 
be aligned with the wall studs 
as close as possible to provide 
maximum support for the roof 
loads. Ceiling joists should be 


properly lapped at wall studs 
where required. 

Figure 30-15 shows the roof 
rafter framing plan. A ridge board 
spans the length of the roof with 
roof rafters extending down to 
the exterior wall studs. 
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Floor Joist Framing Plan 


Figure 30-13 
DOUBLE JOISTS (5 1/2" O fey 100" x 5-4 5/4" F 2x10 HEADER 
UNDER PARTITIONS RUNNING GD STAIRWAY OPENING (RIM JOIST) 
PARALLEL TO T 
il I Ill | P 2x10 BLOCKING 
2x10 BLOCKING j 52" OC 
52' OC HH 
TM BENI 
ONE ROW OF 


~~~ &" WF BEAM 


LO 4" CONCRETE FLOOR 
e 


CROSS BRIDGING 
IN EACH SFAN 


Jote 16" 0C CTT LLTTTLEHITLLEUITT 


FLOOR JOIST FRAMING PLAN 


CONCRETE GARAGE DOUBLE JOIST 
FLOOR 


J 


STAIRWELL 
OPENING 


2 x 4 BLOCK 


Double joists (31⁄2” apart) 
O 4” concrete garage floor under partitions running 


© 2 x 10 floor joists 16" OC 
parallel to joists 


PICTORIAL DETAILS OF FRAMING 4 


METAL 
| CROSS BRIDGING 


One row of metal cross 
SL" LE: in each span 


10-10” x 3-434" stairwell 
opening 


(9) 2 x 10 blocking 32” oc Q: 2 x 10 header (rim joist) 


PICTORIAL DETAILS OF FRAMING PLAN Tora. 


Figure 30-13. The pet joist framing plan includes details about the stairway floor opening. Double joists are installed 
under partitions running parallel to joists. 
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Ceiling Joist Framing Plan 
Figure 30-14 
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Figure m The ceiling joist framing plan provides information about ceiling framing. 
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Figure 30-15 
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Figure 30-15. A roof rafter framing plan indicates ridge board and rafter size, spacing, and direction. Many sets of prints 
provide only the simpler type of roof pian shown at lower right. 
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Jor, Window, AP 
and Finish — - 


Schedules 


schedule is detailed 
list that provides infor- 
mation about building 


components such as doors and 
windows. A set of construction 
prints typically includes a door 
schedule and window schedule. 
In many prints, a room finish 


scheduleis also included. Letters - 


and/or numbers on the prints 
refer to the schedule. 


DOOR AND WINDOW 
SCHEDULES 


The locations of all door and 
window openings except the 
foundation windows are shown 
on the floor plan. The founda- 
tion windows appear on the 
foundation plan. In some cases, 
the sizes (widths and heights) 
of the doors and windows are 
noted on the floor plans next to 
the openings. More typically, 
the door and window sizes are 
shown in door and window 
schedules. Schedules vary with 
different plans; some provide 
more information than others. 


Additional schedules, such as” 
lighting and plumbing fixture 
schedules, are commonly included 

in a set of construction prints. 


Door Schedule 


As shown in Figure 31-1, the 
door schedule for the three- 
bedroom house is divided into 
the following columns: 


* Code: The letter used to 
identify the door is given; 
some plans use a number 
and/or letter. For example, 
a circled letter "A" is shown 
by the front entrance door 
in the floor plan and the 
south elevation. Informa- 
tion for this type of door is 
given on the first line of the 
door schedule. 

Quan: The number (quan- 
tity) of doors of this type 
and size is given. For exam- 
ple, there is one "A" door 
and one "E" door (garage 
door). 

Size: The width and height 
of doors are given (width 
always first). The "A" door 
is 3-0" wide by 6'-8" high. 
Thk: The thickness of the 
door is shown; the "A" 
door is 194" thick. 

Rough Opening: The width 
and height of the opening 
that must be provided in 
the wall to accommodate 
the door and the door frame 
(jamb) is the rough open- 
ing. A V£" clearance is usu- 
ally allowed at the sides 


and top of the jamb. Clear- 
ance must also be provided 
beneath the door. The rough 
opening for the "A" door 
is 3-3" wide by 6/-10!A4" 
high. 

Some door and window 
schedules do not include rough 
openings. When rough openings 
are not provided, a carpenter 
must know how to calculate the 
rough opening from information 
found in different parts of the 
plans. 


* Jamb Size: The thickness 
and width ofthe door frame 
are given. The jamb for the 
“A” door is 1%6” thick by 
478" wide. 

Type: The door action is in- 
dicated by its type. The “A” 
door is a hinged door which 
swings on a set of hinges. 
Design: The appearance 
and construction of the 
door are indicated by its 
design. The "A" door is a 
flush, solid-core door with 
three lights. 

Remarks: Special informa- 
tion such as the location 
of a door, special operat- 
ing instructions, and other 
pertinent information may 
be given. The "A" door is 
identified as a front en- 
trance door. 
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Figure 31-1. A door schedule provides the information necessary to jay oul the door openings. In commercial and industrial construction, 
many door schedules also make reference to print details and sections. 


Window Schedule 


A window schedule provides 
information about windows 
similar to the information that 
a door schedule provides about 
doors. The window schedule for 
the three-bedroom house, shown 
in Figure 31-2, is divided into the 
following columns: 


* Code: The letter used to 
identify the window is giv- 
en; some plans use a number 
and/or letter. For example, 
a circled letter “R” appears 
next to each bedroom win- 
dow unit on the floor plan 
and elevation drawings. 
Information for this type 
of window appears on the 
second line of the window 
schedule. 

* Quan: The number (quantity) 
of windows of this type and 
size is given. For example, 
there are five “R” windows 
in this house. 

* No. Lts.: The number of 
lights (panes of glass) in 
each window is given. The 
“R” window is a double-hung 
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window and has four lights 
in the top section and four in 
the bottom section. 

e Glass Size: The dimensions 
of the entire glass area in 
each window section are 
given. In an “R” window, the 
glass is 28” wide by 24” high 
in both the top and bottom 
sashes. 

* Sash Size: The dimensions 
of the entire window unit 
after the glass has been set 
in its frame give the window 
sash size. The combined 
sash size of an “R” window 
is 2-8” wide by 4’-6” high. 

* Rough Opening: The width 
and height are given for the 
opening that must be provid- 
ed in the wall to accommo- 
date the window, frame, and 
clearance around the frame. 
The “R” window, which 
is a double-hung window, 
requires a rough opening 
5'-10" wide by 4’-10” high. 

* Remarks: Information such 
as the location of the win- 
dow, operating instructions, 
and window manufacturer 


may be included. In this 
example, the *R" windows 
are identified as double- 
hung windows installed as 
a double unit. 


ROOM FINISH SCHEDULE 


Some prints also have a room 
finish schedule, which speci- 
fies the interior finish materi- 
als for each room in the house. 
The room finish schedule for the 
three-bedroom house provides 
information for the floor, walls, 
ceiling, base, and trim in each 
room. See Figure 31-3. The base 
molding is nailed at the bottom 
of the walls. Trim refers to the 
material around the door and 
window openings. Some of the 
information contained in the 
room finish schedule is intended 
for other tradesworkers. 
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Figure 31-2. A window schedule provides the information necessary to ——— out the window openings. 
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Figure 31-3. A room finish schedule identifies the finish materials for the walls, floors, and ceilings. Room finish schedules may also 
reference rooin elevations. 
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n most sections of the coun- 
try, particularly in and near 
towns and cities, strict rules 


exist for the construction of new. 


buildings. These rules can be 


used to enforce minimum build- 


ing and safety standards, ensure 
the use of proper materials and 


sound construction methods, ` 


and are written in pamphlets or 
books known as building codes. 
No single factor has a more di- 
rect effect on building design 
and safety than building codes. 
Architects must have a thorough 
knowledge of building codes in 
effect in their jurisdiction before 
developing a set of plans. Build- 
ing contractors and tradesworkers 


must be familiar with the local . 


code regulations as they apply to 
construction procedures. 


BUILDING CODES 


Building codes establish the mini- 
mum standards required to protect 
the health, safety, and welfare 
of persons who will be living or 
working in the building. Fire- 
resistant materials, adequate 
lighting, ventilation, and insulation 
are among the areas covered in 
code regulations. Often separate 
code books exist for electrical 
and plumbing operations. 
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43 Building Codes, 
Zoning, Permit 


and Inspections ^... 


State and Local Codes +*+ 


Most states in the United States 
have a building code that can be 
applied in all areas of the state. In 
addition, larger cities, such as Los 
Angeles or Chicago, may have 
their own set of code regulations. 
City codes are typically based on 
the state code, but are usually more 
detailed and often have stricter re- 
quirements than statewide codes. 
Any officially adopted code is 
enforceable by law. 


Model Codes 


Medel codes date back to the 
early 1900s when they were ini- 
tially developed during periodic 
meetings of building officials and 
industry representatives. Model 
codes serve as models that can 
be adopted by states or local 
communities. Model codes are 
periodically revised to keep up 
with the changing conditions and 
new materials being developed 
for the construction industry. 
Several model building codes 
existed at one point in time in 
the United States. The Uniform 
Building Code was a regional 
model code that strongly influ- 
enced construction procedures in 
the western states. The Southern 
Standard Building Code was a 
regional model building code 
that influenced construction 


procedures in the southeastern 
states. The Basic National Build- 
ing Code was a national model 
building code that dictated con- 
struction procedures across the 
United States. Still in effect to- 
day, the National Building Code 
establishes minimum construc- 
tion standards in Canada. 

Since the early 1900s, the 
United States has operated under 
a model code system in which in- 
dividual states adopt regional or 
national model building codes. 
The model codes were developed 
by the Building Officials and 
Code Administrators (BOCA), 
International Council of Build- 
ing Officials (ICBO), and South- 
ern Building Code Congress 
International (SBCCI). In 1994, 
BOCA, ICBO, and SBCCI formed 
the International Code Council? 
(ICC) to develop recognized 
national model building codes 
for commercial and residential 
construction. Members of the 
ICC developed the International 
Building Code? (IBC), which per- 
tains to commercial construction, 
and the International Residential 
Code? (IRC), which applies to 
one- and two-family houses, 
townhouses, and condominiums. 
The goal of the IBC and IRC is to 
standardize construction proce- 
dures across the country and to 


facilitate the work of architects, 
engineers, and building officials. 
Similar to their predecessors, 
the IBC and IRC are periodically 
revised to address changing con- 
ditions and new materials in the 
construction industry. In the event 
that more than one model code 
applies to a specific construction 
project, the code with the stricter 
requirements applies. 

Another model code, the 
International Energy Conserva- 
tion Code®, is based on the 1995 
edition of the Model Energy 
Code, which was developed 
by the Council of American 
Building Officials (CABO). The 
International Energy Conserva- 
tion Code provides guidance 
to permit the use of innovative 
approaches and procedures to 
effectively use energy, and ap- 
plies to both residential and 
commercial construction. 


Minimum Property 
Standards 


An important guide to code 
requirements in all parts of the 
country is the Minimum Property 
Standards (MPS), published by 
the U.S. Department of Housing 
and Urban Development (HUD). 
The Minimum Property Standards 
establish minimum require- 
ments for buildings constructed 
under HUD housing programs, 
including new one-family hous- 
es, multifamily dwellings, and 
health care facilities. Until the 
mid-1980s, HUD maintained 
separate MPSs for different types 
of buildings. However, since that 
time, HUD has adopted model 
building codes and local build- 
ing codes. 


ZONING REGULATIONS 


Like local building codes, zoning 
regulations strongly influence 
building design. Most cities, 
counties, and provinces have spe- 
cific laws concerning the type of 
buildings that can be constructed 
in different areas of the commu- 
nity. A city is usually divided into 


different zones. The boundaries 
ofthe zones are shown on special 
zoning maps. When developing 
a set of prints, an architect must 
ensure the type of building being 
designed is permitted in the area 
where it is to be built. 

There are three major types of 
zones in larger communities— 
residential, commercial, and 
manufacturing. Residential zones 
are districts limited to buildings 
in which people live and build- 
ings that serve the neighborhood, 
such as schools, churches, li- 
braries, and playgrounds. Some 
residential zones may permit 
only one-family dwellings while 
others may permit multifamily 
dwellings such as apartments. 
Commercial zones permit build- 
ings such as stores, shopping cen- 
ters, movie theatres, restaurants, 
bowling alleys, and hospitals. 
Manufacturing zones are areas set 
aside for factories, warehouses, 
and other types of industry. 

Figure 32-1 illustrates a num- 
ber of common residential zon- 
ing regulations. Most cities 
specify the minimum lot size 
for that zone. For example, a 
zoning regulation for a residen- 
tial section of a city might state 
that any new building must be 


located on a lot of no less than 
5000 sq ft (square feet) (50' x 
100’ = 5000 sq ft). 

Another regulation might spec- 
ify the maximum amount of the 
lot that the building is allowed 
to cover. For example, if a build- 
ing is allowed to cover no more 
than 40% of a lot, and if the lot 
is 5000 sq ft, then the building 
must cover no more than 2000 
sq ft (40% x 5000 = 2000). Con- 
sequently, this zoning regulation 
affects the size of the house de- 
signed for that lot. 

Other regulations may estab- 
lish the maximum height of a 
building in a particular zone. For 
example, a residential zone may 
allow one-family buildings up to 
three stories that do not exceed 
35’ in height. 

Another set of regulations 
usually contained in zoning or- 
dinances concerns the minimum 
setback of the building from the 
property lines. For example, one 
regulation may specify that the 
front setback (distance from the 
front of the house to the front 
property line) can be no less than 
25’, and that the side setback (dis- 
tance from the side of the house 
to the side property line) can be 
no less than 5’. 


Figure 32-1. Zoning regulations, such as the minimum lot size, dwelling size, and 


setbacks, strongly influence building design. 
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Zoning regulations are subject 
to change. Residential zones 
limited to one-family dwellings 
may be reclassified to allow mul- 
tifamily dwellings or commercial 
structures. Many cities and coun- 
ties have planning commissions 
that review requests for changes 
in zoning regulations and make 
recommendations to the local 
government. Since zoning chang- 
es may occur at any time, current 
information should be obtained 
before the drawings for a building 
are finalized. Changing a building 
to conform to a zoning change 
once construction has begun will 
not only delay construction but 
can be very costly. 


PERMITS 


Before construction begins, the 
owner or building contractor must 
apply to local building authorities 
for a building permit. An applica- 
tion must be completed, stating 
the kind of construction proposed. 
See Figure 32-2. The application 
also requires a legal description 
of the land upon which the con- 
struction is to take place and the 
estimated cost of the project. Local 
building officials also may request 
other information. 

One or two sets of the working 
drawings and specifications must 
be submitted with an application. 
The plans are examined by the 


SNOT £ 


SSM us OME TEE SSE REM 


A frame inspection is 


proper authorities to ensure they 
conform to the local building code 
and zoning regulations. If every- 
thing appears to be in order, the 
plans are approved and a permit is 
granted to begin construction. See 
Figure 32-3. 

In addition to the building per- 
mit, separate electrical and plumb- 
ing permits are usually required. 
The owner or building contractor 
must pay fees for the permits. The 
amount is usually based on the 
total cost of the project. 


INSPECTIONS 
A building project for which a 
permit has been granted will be 
inspected a number of times as 
the work progresses. The overall 
structural inspection is conducted 
by a local building inspector. The 
plumbing and electrical work 
is usually checked by separate 
plumbing and electrical inspectors. 
Ifinspectors discover a violation of 
the building code, they have the 
legal authority to have the work 
demolished and reconstructed 
properly, which can be costly to the 
owner or building contractor. 

The International Building 
Code recommends the following 
sequence of inspection: 

1. Footing and foundation in- 
spection: To be made after the 
trenches are excavated, the 
forms constructed, and all the 


made after the building framing has been completed, but before the 


walls are enclosed. Rough-in electrical and plumbing can also be inspected at this time. 
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4. 


required bolts and reinforcing 
steel are placed inside the 
form. The inspection must 
take place before the concrete 
is placed in the forms. 
Concrete slab or under- 
floor inspection: To be made 
where a concrete slab floor 
is to be placed. A concrete 
slab or underfloor inspection 
mainly concerns the inspec- 
tion of electrical conduit, 
plumbing, ductwork, and 
other equipment that will be 
covered by the slab. 

Lowest floor elevation: In 
floodplain areas, the eleva- 
tion of the lowest floor, in- 
cluding the basement, must 
be certified and submitted 
to the building inspector 
prior to additional vertical 
construction. 


Frame inspection: To be made 
after the floors, walls, ceil- 
ings, and roof are framed and 
all blocking and bracing is 
installed. All therough electri- 
cal work, plumbing, and duct- 
work must be completed and 
visible for inspection before 
the walls can be enclosed. 
Lath and/or gypsum board 
inspection: To be made after 
all exterior and interior lath or 
gypsum board is in place, and 
before any plaster is applied or 
any ofthe gypsum board joints 
are taped and finished. 
Fire-resistant penetration in- 
spection: To be made for pro- 
tection of joints and penetra- 
tions through fire-resistance- 
rated assemblies prior to 
being concealed from view. 
Energy efficiency inspec- 
tion: To be made for building 
envelope R and U values, 
fenestration U value, duct 
system R value, and HVAC 
and water-heating efficiency. 
Final inspection: To be made 
after the building has been 
completed and is ready for 
occupancy. 


N Oo DATE 


DO NOT WRITE IN THIS 
SPACE 
For VILLAGE CLERK'S USE ONLY 


SKETCH OF APPLICANT’S LOT SHOWING EXISTING AND PROPOSED 


IMPROVEMENTS, INCLUDING CONSTRUCTION DETAILS. 


for use pf assessor 


VOLUME 


APPLICATION FOR BUILDING PERMIT 


. . . PAGE LINE 
Village of Emperior, Illinois 


BLK. PARCEL 


| HEREBY APPLY FOR A BUILDING PERMIT FOR THE CONSTRUCTION (REPAIR) OF A 
BUILDING SPECIFIED AS FOLLOWS: 


FRAME o BRICK O BASEMENT: Yes ğO 


WIDTH OF LOT 


REAR YARD 


SETBACK LINE 


OWNER 


OWNER'S PRESENT ADDRESS 


ADDRESS OF PROPOSED STRUCTURE 


TYPE OF BUILDING ————————————— 
c-—— ——— e ————— ————— EE EE X 
— SS Se EE Ee ms 
GENERAL CONTRACTOR —— ee mmm 


ADDRESS OF GENERAL CONTRACTOR ——_ 


ELECTRICAL CONTRACTOR 


ADDRESS OF ELECTRICAL CONTRACTOR nm. 


PLUMBING CONTRACTOR —— — — ——————————————————————————— 


ADDRESS OF PLUMBING CONTRACTOR 


PLANS PREPARED BY mem nS mcm 


HEATING, AIR COND. CONTRACTOR mmm ———————————— 


ADDRESS OF HEATING, AIR CDND. CONT. 


LENGTH OF LOT 


LEGAL DESCRIPTION: LOT 


SUBDIVISION 


SEC L————————————— — z=. a RANGE — 14 ——— 


COLLECTOR'S TAX BILL VOL. NO. 9 ——______ITEM 


FRONT YARD 


PERMANENT REAL ESTATE INDEX NO. 


COST SF BUILDING COMPLETE $ 
AS THE APPLICATION FOR THIS PERMIT | EXPRESSLY AGREE TO CONFORM TO ALL 
APPLICABLE ORDINANCES, RULES, AND REGULATIONS OF THE VILLAGE OF EMPERIOR. 


d [9] n ot fold SIGNATURE OF APPLICANT 


BUILDING INSPECTOR'S ANALYSIS AND APPROVAL 


ANALYSIS 


1. PLOT PLAN RECEIVED 

2. OUPLICATE SET OF PLANS RECEIVED 

3. WATER CONNECTION LOCATION DESCRIBED IN PLAN 
4. SEWAGE DISPOSAL PLAN 

5. ZONING ORDINANCE COMPLIANCE 

6. ELECTRICAL PLANS, LICENSE, AND BOND 

7. PLUMBING PLANS, LICENSE, AND BOND 

8. HEATING, AIR COND., & REFRIG, LICENSE & BOND 

9. PUBLIC SIDEWALK PLAN 


10.IF PUBLIC OR APT. BLOG. FIRE CHIEF APPROVAL 


11.IF PAVING TO BE CUT, IS REQUIRED SURETY CO. BOND 
SUPPLIEO AND IN ORDER 


APPROVED: 


OATE: 


CERTIFICATE OF OCCUPANCY ISSUED 


DATE: ———————————— BUILDING INSPECTOR, EMPERIOR, IL 


Figure 32-2. An owner or building contractor mus 


BUILOING INSPECTOR, EMPERIOR, IL 


APPLICATION NOT t COMPUTATION OF FEES 
SATISFACTORY SATISFACTORY 

BUILDING PERMIT NO. $ 
ELECTRICAL PERMIT NO. 

SEWER TAP & PLUMBING PERMIT ND. 

WATER TAP 

HEATING, AIR COND., & REFRIGERATION NO. 


WATER METER 


WATER USE DURING CONSTRUCTION 


(THIS DOES NOT AUTHORIZE USE OF WATER FROM ANY FIRE HYDRANT. 
ANYONE TAMPERING WITH A FIRE HYORANT WILL BE ARRESTED) 


SIDEWALK CONSTRUCTION PERMIT NO. 


EXCAVATION FOR WATER TAP 


EXCAVATION FOR SEWER TAP 


BUILDING INSPECTOR'S FEE; 


PLANS AND SPECIFICATIONS 


Fs E EE ES ES EIS TETTE DT ele 


lese EE E Ie a IET E 


OCCUPANCY & FIELD INSPECTIONS 


STREET & ALLEY 


TOTAL $ 


PENALTY - $5.00 FOR CHANGE OF SUBCONTRACTOR 


t apply for a building permit before construction can commence. Local building 


authorities may also request additional information. 
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Inspection Record Card 


Many local code authorities re- 
quire that an inspection record 
card be posted in a conspicuous 
place on the job. This card lists 
all the inspections required for 
the job. Inspectors sign the card 
as the different stages of con- 
struction are completed. 


Quick Quiz® 


Refer to the Interactive CD-ROM for the Quick Quiz® questions related to section content. 
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Village of Emperior 
Slake County, Illinois 


NOTICE! 
BUILDING PERMIT 


Must Be Posted on FRONT of Building 


Any person willfully destroying this permit before 
completion of this building WILL BE PUNISHED TO 
THE FULL EXTENT OF THE LAW. 


BUILDING PERMIT No. 
Is issued for the [,::::752*, ] of a 
Description of Building 


No... U .—— STREET 


GENERAL CONTRACTOR 


Date 


Building Commissioner 


Figure 32-3. A building permit must be obtained and properly posted before beginning 
construction. 


Survey Instruments 
and Operation 


UNIT 33 Builder's Levels, Automatic Levels; 
and Transit-Levels ..256 
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urvey instruments are 
used by carpenters and 
other tradesworkers to 
accurately lay out a building 
site, to verify grades and eleva- 
tions, and in other construc- 


tion. operations. Traditional - 


survey instruments are build- 


er's levels, automatic levels, 


and transit-levels. Experience 
and knowledge gained using 
traditional survey equipment 
provides a solid basis for using 
advanced survey equipment 
such as laser levels and total 
station instruments. 


BUILDER’S LEVELS 


A builder's level is used to es- 
tablish and verify grades and 
elevations and to set up level 
points over long distances. 
The main parts of a builder's 
level are the telescope, level- 
ing vial, and leveling screws. 
The builder's level assembly is 
mounted over a circular base. 
See Figure 33-1. The telescope 
includes a focusing knob and 
has vertical and horizontal 
crosshairs within the barrel. 
The sensitive leveling vial 
is mounted parallel with the 
telescope and is located above 


256 


Builder’s Levels, 


E 


Automatic Levels, — 


‘and Transit-Levels. 


or below the barrel. A builder’s 
level is adjusted to be level with 
the leveling screws. 

Most builder’s levels have a 
horizontal clamp screw to hold 
the instrument in a fixed hori- 
zontal position. A horizontal 
tangent screw allows precise 
adjustment of the telescope in 
a left or right horizontal direc- 
tion. A horizontal graduated 
circle and vernier scale are situ- 
ated over the circular base and 
provide a means for angular 
measurement. 

A chain and plumb bob hook 
are attached to the bottom of a 
builder’s level so a plumb bob 
can hang beneath the builder’s 
level. A plumb bob is used with 
the builder’s level when the in- 
strument must be set up over a 
specific point. 

A dust cap to protect the 
objective lens of the telescope 
when it is not in use is usually 
included with the instrument. 
Sunshades are furnished with 
many models to be slipped 
over the end of the telescope to 
reduce or eliminate glare. 


1 
= xl 


TANG ICH Mamm n un] 


* lo acclimate to the surrounding 


| temperature before use. — 


= 


Builder’s levels range trom 
the less-expensive 12-power 
telescopes to highly sensitive 
32-power models. The power 
of a telescope determines how 
much closer an object will 
appear when viewed through 
the telescope. A target seen 
through an 18-power telescope 
will appear to be 18 times 
closer than when it is seen 
with the naked eye. 

A builder’s level is mounted 
on a tripod. See Figure 33-2. 
The tripod head is supported 
by three legs. Locking levers 
or wing nuts tighten the legs 
into position. Some tripods 
have adjustable extension legs, 
which accommodate sloping 
or uneven ground. Tripods 
are available in hardwood or 
aluminum. 


Setting up Builder’s 
Levels 

When setting up a builder's 
level, place the instrument 
where it will provide an unob- 
structed view of the work area. 
Set the tripod in a stable posi- 
tion and fasten the builder's 
level to the tripod. Adjust the 
instrument until it is exactly 
level. A poorly adjusted instru- 
ment is of no value in a layout 
operation. 


TELESCOPE. 
CONTAINS LENSES 
THAT MAGNIFY OBJECT 
BEING SIGHTED. 


FOCUSING KNOB. 
TURNED UNTIL 


EYEPIECE. 


COATED LENS AT VIEWING 


LEVELING VIAL. 
VERY SENSITIVE AND 
ACCURATE. USED TO 

LEVEL TELESCOPE 
OVER BASE. 


OBJECT APPEARS 
SHARP AND CLEAR. 


OBJECTIVE LENS. 
USED TO MAGNIFY 
OBJECT BEING SIGHTED. 


POINTER. 
FOR READING 
HORIZONTAL ANGLES. 


TRIPOD MOUNTING STUD. 
SECURES INSTRUMENT 
TO TRIPOD HEAD. 


LEVELING SCREWS. 
ADJUST INSTRUMENT 
SO THAT IT IS LEVEL 
IN ALL POSITIONS. 


END OF TELESCOPE 
CAN BE TURNED TO BRING 
CROSSHAIRS INTO FOCUS. 


HORIZONTAL CLAMP SCREW. 
WHEN TIGHTENED, 

FIRMLY HOLDS 

INSTRUMENT IN FIXED 
HORIZONTAL POSITION. 


HORIZONTAL GRADUATED CIRCLE. 
CAN BE ROTATED FOR SETTING 
AND READING ANGLES. IT IS 
MARKED BY DEGREES. 


HORIZONTAL TANGENT SCREW. 
ALLOWS FOR PRECISE 
HORIZONTAL ADJUSTMENT 

OF INSTRUMENT. 


PLUMB BOB HOOK. 
_ USED TO SUSPEND 

PLUMB BOB OVER 

POINT ON GROUND. 


David White Instruments 


Figure 33-1. A builder's level is used to establish and verify grades and elevations and to set up level points over long distances. The 
instrument is secured to the tripod head by hand tightening the cup assembly on the tripod head. 
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David White Instruments 
Figure 33-2. A builder's level is mounted 
on a tripod. When the tripod is not in 
use, its head should be covered with a 
protective cap. 


Placing Tripods. Extend the 


legs and spread them about 3 
apart. Position the legs so the 


tripod head is level. Push the 
legs firmly into the ground and 
tighten the locking levers or 
wing nuts. On sloping ground, 
place one leg of the tripod into 
the slope. See Figure 33-3. A 
tripod set on soft or marshy 
soil may require a base of three 
stakes driven into the ground. 
See Figure 33-4. For placing 
a tripod over concrete or any 
other smooth surface, a trian- 
gular wood base helps to ensure 
the tripod legs will not shift. See 
Figure 33-5. 


Fastening Builder’s Levels to 
Tripods. Builder’s levels are 
typically transported or stored 
in a carrying case. When lift- 
ing the instrument from the 
case, grasp the instrument by 
the base plate or standard. The 
standard is the frame in which 
the telescope is mounted. Hold 
the instrument directly over 
the tripod head. If a chain and 
plumb bob hook are fastened to 


the bottom of the instrument, 
they must hang freely through 
the hole in the tripod head be- 
fore the base plate is screwed 
down. 


Figure 33-3. Set up a tripod on a slope 
so that one leg of the tripod faces into 
the slope. 
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LEVEL AND i 
TRIPOD 


Figure 33-4. On soft or marshy soil, 
stakes should be driven into the ground 
to support the tripod. 


| HARD OR 
SMOOTH 
SURFACE — 
TRIPOD 


LEGS 


| TRIANGULAR ~” E 
so nae —_— eeeede 
Figure 33-5. A triangular wood base 
stabilizes a tripod placed on a hard 

concrete surface. 


One of two arrangements is 
generally used to fasten a build- 
er's level to a tripod, depending 
on the design of the tripod head. 
See Figure 33-6. Ifthe tripod head 
is the threaded type, the base of 
the builder's level is screwed di- 
rectly onto it. If the tripod head 
has a cup assembly, a threaded 
mounting stud at the base of the 
builder's level is screwed into the 
cup assembly. 


David White Instruments 


Laser levels permit one-person operation and provide accurate readings. Basic principles 
of traditional survey instruments such as builder's levels also apply to advanced instru- 


ments such as laser levels. 


Adjusting Builder's Levels. The 
telescope of a builder's level 
rotates on top of the circular 
base. To function properly, the 
telescope must be level in all 
positions over the base. Leveling 
a telescope is accomplished by 
adjusting the leveling screws. 
The procedure for this operation 
is shown in Figure 33-7. 
Although there should be firm 
contact between the leveling 
screws and base, overtighten- 
ing the screws can damage the 
instrument. The leveling proce- 
dure becomes quick and simple 
with practice. When leveling a 
builder's level, opposite leveling 
screws must be turned equally, at 
the same time, and in opposite 
directions. The direction that the 


THREADED 


Figure 33-6. Two types of tripod heads are the threaded and the cup assembly types. 
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left thumb moves is the direc- 
tion that the bubble moves. See 
Figure 33-8. 

When a builder’s level is used 
to lay out horizontal angles, it 
must be positioned directly over 
a specific point while it is being 
adjusted. However, a builder's 
level is not typically used for 
this application because it is 
easier to lay out horizontal 
angles with a transit-level. The 
procedure for setting up over a 
point is discussed in the transit- 
level section of this unit. 


Focusing and Sighting. To view 
an object through a builder's 
level, focus the telescope by 
turning the focusing knob until 
the object being sighted is sharp 
and clear. The focusing knob 
adjusts the lenses inside the 
telescope barrel. 

A builder's level is used to 
focus on a very small target and 
the field of vision is very small. 
See Figure 33-9. The field of vi- 
sion is the total magnified area 
seen through the telescope. Some 
builder's levels have an eyepiece 
focusing ring for focusing the 
crosshairs within the telescope. 
The crosshairs are fine horizontal 
and vertical lines in the telescope 
that permit an object being sight- 
ed to be placed exactly in the 
center of the field of vision. 


Leveling a Builder's Level 
Figure 33-7 nag 


TURNING BOTH SCREWS OUT TURNING BOTH SCREWS IN 
MOVES BUBBLE TO LEFT TOP VIEW MOVES BUBBLE TO RIGHT 


INSTRUMENT LEVELING 
VIAL MOUNTED ON 
TOP OF TELESCOPE 


HORIZONTAL 
GRADUATED ——— 
CIRCLE 


THUMBS IN—THUMBS OUT 
TURN BOTH SCREWS 
EQUALLY AND 
SIMULTANEOUSLY 


LEFT THUMB 
LEVELING SCREW 


RIGHT THUMB 
LEVELING SCREW 


TRIPOD HEAD PLATE 
TRIPOD LEGS 


SIDE VIEW 


BUBBLE REMAINS CENTERED 
IN ALL FOUR POSITIONS 


MOVES BUBBLE | MOVES BUBBLE 
TO RIGHT TO LEFT 


TS at VIAL | MAKE NECESSARY 
MINOR ADJUSTMENTS 
LEVELING | i 


ANE I TURNING i ' 


— TELESCOPE TURNING BOTH 
TOP VIEW SCREWS OUT 


Turn telescope so it is 
directly over a pair of 


TELESCOPE 


leveling screws. Grasp the MINOR 

two leveling screws with , ADJUSTMENTS A 

thumb and forefinger of Rotate telescope 90° lam As final check, rotate 

each hand. Turn both over other pair of leveling y - telescope over each 

screws at same time by screws and repeat leveling Shift back to first 4 leveling point to ensure 

moving thumbs in or out procedure described in | position and, using leveling that bubble remains 

until bubble is exactly step 1 until bubble is again screws, make necessary centered in all four 
|* centered. centered. minor adjustments. positions. 


Figure 33-7. A builder's level is level when the bubble in the leveling vial remains centered in all four positions. When leveling a 


builder's level, do not overtighten the leveling screws. 
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‘Adjusting Leveling Screws 
Figure 33-8 


THUMBS IN—THUMBS OUT 
TURN BOTH SCREWS EQUALLY AND SIMULTANEOUSLY 


G VIAL 


LEVELING 
SCREWS 


INSTRUMENT LEVEL 
VIAL MOUNTED ON 
TOP OF TELESCOPE 


TURNING BOTH SCREWS IN 


MOVES BUBBLE TO RIGHT 


TURNING BOTH SCREWS OUT 
MOVES BUBBLE TO LEFT 


Figure 33-8. When leveling a builder’s level, the direction the left thumb moves is the 
direction that the bubble moves. 


2. Focus the telescope until 
the target is clear. 

3. When the target is sighted as 
closely as possible, tighten 
the horizontal clamp screw. 
Make final adjustments by 
using the horizontal tangent 
screw to move the telescope 
into position. 


ROD AS VIEWED 
THROUGH 24X LEVEL 


The dashed line in Figure 33-10 
shows the principle of the line of 
sight, or height of instrument. 
The line of sight is an imaginary, 
perfectly level line extending 
from the horizontal crosshair at 
the center of the telescope barrel 
to the target. 


Leveling Rods and 
Targets 


When using a builder’s level, a 
second worker must hold a verti- 
cal measuring device, such as a 
rod, in the area where the grade 
or elevation is being established 
or verified. See Figure 33-11. 
The horizontal crosshair is then 
aligned with a measurement or 
mark on the rod. 


Manufactured Leveling Rods. 
Wood, plastic, or aluminum rods 
have been specially designed for 
use with leveling instruments. 
Most manufactured leveling rods 
have adjustable sections. Typical 
two-section rods extend from 8’ 
to 944’; three-section rods extend 
from 12’ to 14’. The numbers and 
graduation marks on a rod are 
large so that they can be easily 
read from a distance. The num- 
bers indicating feet are the largest 
and are usually printed in red. 
The numbers and graduations 
between the foot numbers are 
usually printed in black. Movable 
metal targets are fitted to rods to 
make sighting easier at longer 
distances. See Figure 33-12. 


TELESCOPE 


Figure 33-9. A builder’s level provides a | ! peters os 
very small field of vision. A 
TARGET i, 
The procedure for locating a 
target and focusing on it with the ~ LINE OF SIGHT — 


builder’s level is as follows: 


1. Aim the telescope at the 
target by looking across 
the top of the barrel. Some 
instruments have devices 


LEVELING 
ROD 


ROD AS VIEWED 
THROUGH 24X LEVEL 
TELESCOPE 


similar to gun sights at the 
top of the barrel. 
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LEVELING 
VIAL 


TELESCOPE 


TRIPOD 


TIN 


Figure 33-10. The line of sight is a level line extending from the horizontal crosshair at 
the center of the telescope barrel to the target. 


David White Instruments 
Figure 33-11. A leveling rod must be held 
in a vertical position as the target is being 
sighted with a builder's level. In this photo, 
the elevation of the top of a cast-in-place 
concrete footing is being determined. 


Leveling rods are available 
with three types of graduations; 
two types are U.S. customary 
(English) and the third type 
is SI metric graduations. U.S. 
customary measurements are 
shown on the architect's rod and 
engineer's rod in Figure 33-13. 
An architect's rod is graduated 
in feet, inches, and eighths of an 


10-1” 
10-074" 
10-094" 
10-054" 
10-07" 
10-036" 
10-04" 


10-075" 


10-0” 


inch, and is typically used by car- 
penters and other tradesworkers. 
An engineer’s rod is graduated 
in feet, tenths of a foot, and hun- 
dredths of a foot, and is used by 
surveyors and engineers. 


Figure 33-12. An adjustable direct-reading 
leveling rod with a movable metal target 
is commonly used for construction 
applications. The center of the target is 
aligned with the reading being taken on 
the rod. 


E 
C- i) 


Stick-and-Rule Method. When 
sighting short distances, car- 
penters frequently use a stan- 
dard tape measure held against 
a straight piece of wood. See 
Figure 33-14. 


Figure 33-14. Carpenters often use a stick 
and tape measure as a leveling rod. 


TUTTI UTUNUEINU (UU UU 


a 


AS VIEWED 
THROUGH 
BUILDER’S 
LEVEL 
TELESCOPE 


10-472" 10-215" 


CE : 
ted in feet, inches, and Graduated in feet, tenths of 
MEC MA of an inch a foot, and hundredths of a foot 


ARCHITECT'S ROD 


ARCHITECT'S ROD ENGINEER'S ROD 


Figure 33-13. Two types of leveling rods are the architect's rod and the engineer's rod. An architect's rod is typically used by carpenters. 
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Plain Stick Method. In some 
situations, the most convenient 
way to perform layout operations 
with a builder's level is to use 
an unmarked, straight piece of 
wood. The line of sight is marked 
on the rod as it is held over an 
established point. The rod can 
be moved to other locations lo 
establish grades. 


Arm Signals. For accurate read- 
ings with the builder's level, the 
person holding the leveling rod 
must hold it in a plumb (perfectly 
vertical) position. When the rod is 
a great distance from the builder's 
level, the operator of the level may 
use a two-way radio or arm signals 
to instruct the person holding the 
rod to bring the rod into a plumb 
position or otherwise move it. 
Figure 33-15 shows standard arm 
signals for bringing the rod into 


| Figure irte 
| L- Rop 


AS VIEWED THROUGH 
THE LEVEL TELESCOPE 


E 


plumb position. Figure 33-16 
shows standard arm signals for 
bringing the target on the rod into 
an on-grade position. 


Operations with Builders 
Levels 


Common operations performed 
with a builder's level include 
verifying grade differences and 
establishing elevations and level 
points. 


Verifying Grade Differences. All 
lots have low and high grade 
points. The grade points should 
be known before the first corner 
height of the foundation wall is 
established. If excavation is re- 
quired on the lot, a builder’s level 
and rod can be used to verify the 
heights while the excavation work 
is performed. Figure 33-17 shows 
how a builder’s level is used to 


| e LEVELING ROD 


ROD IS LEANING 
TO RIGHT 


—— ————MÁQ 


MOVE ROD 
TO  TOLEFT | 


i 
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verify grade differences. When a 
rod is used in this manner, the 
higher the rod reading, the lower 
the grade. When a lot has a steep 
slope, the procedure is more com- 
plicated. See Figure 33-18. 


Establishing Elevations. Job site 
elevations determine the major 
structural levels of the building, 
such as the top of the foundation 
walls and the finished floor height 
of the first floor. All job site el- 
evations relate to a benchmark or 
datum (sometimes called point 
of beginning) that has been es- 
tablished for the job. On many 
jobs, the top of a stake driven at 
one corner of the lot or a chiseled 
mark at the top ofa concrete curb 
identifies the benchmark. The 
location of a benchmark is also 
marked on the plot plan of a 
set of prints. 


" MOVE ROD 
| TO RIGHT 


ROD IS LEANING 
TO LEFT 


ROD IS PLUMB 


Figure 33-15. Arm signals are used by the leveling instrument operator to communicate with the worker holding the leveling rod when 


bringing the rod into plumb position. 


Figure 33-16 — 
ROD 
|^ TARGET 


AS VIEWED THROUGH 
THE LEVEL TELESCOPE 


Arm Signals for Target Positioning - 
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TARGET IS 
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Figure 33-16. Arm signals are used to bring the target on a leveling rod into an on-grade position. 
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Verifying Grade Differences 
EDD — 


POINT B MEASURES ROD 

„ „ROD i ! 5.6" OR 6” LOWER THAN POINT A 
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Set up builder's Take line of sight reading from rod €» Move rod to point and take line of sight reading. In this 
level midway in held at point A. In this example, the example, the reading is 5'-6". Therefore, point B is 6" lower 


lot. reading is 5'-0", than point A. 


Figure 33-17. The grade points should be known before the first corner height of a foundation wall is established. A builder's level is 
used to verify the grade differences of the building lot. 


Verifying Grade Differences on Steep Slopes - 
Figure 33-18 —— SE ee E 
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Set up instrument midway between points A and B. 
Take rod reading over point A. In this example, the reading 
is 5'-0". Write this figure down. 


Objective: To determine total grade difference between points A 
and D. In this example, distance between A and D is 36'-0". The 
distance is divided into approximately three equal parts, and 

stakes are driven flush to ground surface at points A, B, C, and D. 


Place rod over stake driven at point B and take reading, 
which in this example is 3’-6”. (Make a note of the 3'-6" figure.) 


c| NOTEBOOK C TOTAL DIFFERENCE 
c c 3'-6" IN ELEVATION BETWEEN 
i r c 6-6" POINTS A AND D IS 11-0” 
Lm ea "n c 
c ^n" [] m = 
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Set up instrument midway between points C and D. From 

this position, take a second reading over point C, which in 
this example is 7'-4". Subtract previous 2'-0" from 7'-4" 
reading (7’-4’— 2’-0"= 5’-4”). Write down 5'-4" figure below 5’-0” 
and 3’-0” figures previously recorded. Add all these figures 

for a total of 13'-4" (5'-0^-- 3'-0"4 5'-4" = 13'-4^). 


Place rod over point D. Take reading, which in this example 
is 2'-4", subtract 2’-4” from 13'-4" figure (13'-4"— 2’-4”= 11'-0"). 
11’-0” is the total grade difference between bottom (A) and 
top (D) of slope. 


Set up instrument midway between points B and C. From — 
© this position, take second reading over point B, which in this 
example is 6’-6”. Subtract previous 3'-6" reading over point B 
from the second reading of 6’-6” (6’-6’— 3'-6"z 3-0"). Write 
down the 3'-0" figure below the 5'-0" figure recorded in step 1. 


Oo Place rod over stake driven at point C. Take rod reading, 
which in this case is 2’-0”. (Make a note of the 2'-0" figure.) 


Figure 33-18. When verifying grade differences on steep slopes, the grade differences between intermediate points are first determined 


and then added together. 
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Figures 33-19 and 33-20 show 
how the builder's level is used to 
establish elevations in relation 
to a benchmark. The plain stick 
method is used in Figure 33-19 
and the stick-and-rule method is 
used in Figure 33-20. 

A method of measuring the p 
differences in elevations of a Graders and other earth-moving equipment may be equipped with Ec Ge 
building under construction is survey equipment and receivers to control the blade height, shift, and rotation when 
shown in Figure 33-21. excavating a large job site. 


AS VIEWED THROUGH 
THE LEVEL TELESCOPE 


SIGHT ON [|] DRIVE STAKE 

p" 2 i ^ 

DES | £V 
MARK LEVEL 1272 | Jj MARK M 

m LINEOF —— HW 1 SIGHT = HORIZONTAL 

V SIGHT MARK HORIZONTAL | iW MARK | j || CROSSHAIR 


FIRST LINE 
TOF SIGHT, 


CROSSHAIR | 
4] ^ne 


STAKES FOR 
FOOTING FORMS . 


BENCHMARK 


y i 
BENCHMARK | | GRADE 


Place stick on top of stake. Drive stake until added 6" mark 


| 
e lines up with horizontal crosshair. 


| o Hold stick over benchmark and mark line of sight on stick. 


je Measure up 6" and add another mark on stick. 


Figure 33-19. The plain stick method can be used to establish elevations. In this example, the height of footing form stakes must be 
a^ L 


6^ below the benchmark. 


d-R 


Establishing Elevations—Stick-an 
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AS VIEWED THROUGH 
THE LEVEL TELESCOPE 


LINEOFSIGHTAT Z | XY | 


È » / : HORIZONTAL SIGHT ON = DRIVE STAKE 
a oe ICON TAPE H a” CROSSHAIR | 60” MARK @® S]| UNTIL THE 60” 
LEVEL | | H MARK LINES 
A J ee UP WITH 
= HORIZONTAL 
TAPE Ls TAPE CROSSHAIR 
MEASURE |! M | || MEASURE 


BENCHMARK 
GRADE 


BENCHMARK j 


FOOTING FORMS 
E y fe 
a, ^J 


© Hold stick over benchmark and take line-of-sight reading on į Hold stick on top of stake. Drive stake until line-of-sight | 
tape measure. In this example, the reading is 54". | reading is 60" on tape measure. E 


Figure 33-20. The stick-and-rule method can be used to establish elevations. In this example, the height of footing form stakes must 
be 6^ below the benchmark. 
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Measuring Elevation Differences 
Figure 33-21 ; on eran 


HOOK OVER TOP B 


B 


WHAT IS THE TOTAL DIFFERENCE 
IN ELEVATION BETWEEN POINTS A AND B? 


__/ TAPE MEASURE ee 
| AS VIEWED 
| THROUGH LEVEL 


Oy 


54" | i MEASURE 


NOTEBOOK 


| WALL 


LEVEL 


Ge 

[e 

c 

c 
| c 
|c |DIFFERENCE 
i [IN ELEVATION 

|. [BETWEEN POINTS 
I^ IA AND BIS 124". 


foundation at point A. In this example, the reading is 54". Write this figure down. 


Hook tape to top of beam at point B and take a line-of-sight reading. In this 
example, the reading is 70". Write this figure below the previous 54" notation. 


Add 54" and 70" (54" + 70" = 124"). Total difference in elevation between top of 
foundation A and top of beam B is 124”, or 10-4”. 


Figure 33-21. Elevation differences between existing buildings and new construction are 
determined using a builder's level. 


Establishing Level Points 
Figure 33-22 BU eae 


PLAN VIEW OF 
FOUR CORNER 
STAKES USED IN 
FOUNDATION FORM 


. LINE OF 
SIGHT MARK 


MARK CORNER n 
STAKE NO. 2 
AT BOTTOM 
OF STICK 


PICTORIAL VIEW 


Figure 33-22. Level points on corner st 
been established from a benchmark. 


Establishing Level Points. After 
an elevation has been estab- 
lished in relation to a bench- 
mark, the elevation often must 
be transferred to other points. 
For example, level points must 
be established at the corner 
stakes when forms are construct- 
ed for the concrete foundation of 
a building. Figure 33-22 shows 
how level points are established 
with a builder's level. 


Coo oia,- 
[eee De 


= “Clean the objective and eyepiec 


Tm a "$i E . A 
lenses using a lens tissue. 


AUTOMATIC LEVELS 


Automatic levels are popular 
instruments on construction 
jobs since the levels can be set 
up and adjusted more quickly 
than builder’s levels. In addi- 
tion, automatic levels maintain a 
high degree of accuracy, which is 
important when sighting across 
long distances. See Figure 33-23. 
Automatic levels are used for 
many ofthe operations for which 
a builder's level is used. 


Hold bottom of 
stick at point A. 


Mark line of sight 
on stick. 


Move stick to 
corner stake No. 2. 
Position stick so 
line-of-sight mark 
aligns with line of 


CORNER sight of level. 


STAKE 


Mark corner stake 
No. 2 at bottom 

of stick (point B). 
Points A and B 
are now level. 
Repeat operation 
on remaining 
corner stakes. 


akes for a foundation form are established using a builder's level. The height at point A has 
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David White Instruments 


Figure 33-23. An automatic level can be 
adjusted very quickly and it maintains a 
high degree of accuracy. 


An automatic level is attached 
to a tripod using a threaded base 
or a tripod draw screw. Three 
leveling screws are used to adjust 
an automatic level to be roughly 
(approximately) level. See Fig- 
ure 33-24. An autornatic level is 
in rough adjustment when the 
bubble in the circular leveling 
vial is centered. An automatic 
level is leveled without rotating 
the instrument. After the instru- 
ment is in rough adjustment, an 
internal compensator aligns the 
instrument into a level position. 
Some models of automatic lev- 
els include an electronic safety 
system that alerts the user if the 
instrument has shifted out of its 
level position. 


TRANSIT-LEVELS 


A transit-level, or level-transit, 
is similar in appearance to a 
builder's level. See Figure 33-25. 
The main difference between a 
transit-level and builder's level 
is that the telescope of a transit- 
level can be tilted vertically (up 
and down) as well as rotated 
horizontally (side to side). Ver- 
tical tilting allows a number of 
operations to be performed with 
a transit-level that are not pos- 
sible with a builder's level such 
as plumbing a column or setting 
stakes in a straight line. 


Keep a survey instrument in its — 
carrying case when not in use. 
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FOCUSING KNOB 


OBJECTIVE LENS 


HORIZONTAL | — 
GRADUATED CIRCLE 


HORIZONTAL 
TANGENT SCREW 


THREADED 
BASE 


NEPOS NL 


SIGHTING GROOVE 


POP-UP PRISM FOR 
VIEWING LEVELING VIAL 


EYEPIECE WITH 
EYEPIECE 
FOCUSING KNOB 


CIRCULAR 
LEVELING VIAL 


|. LEVELING 
SCREW 


__- TRIPOD LEG 


PLUMB BOB HOOK 


David White Instruments 


Figure 33-24. After an automatic level is roughly leveled using the leveling screws, an 
interna! compensator aligns the instrument into a level position. 


David White Instruments 


Figure 33-25. The telescope of a transit-level can be moved vertically and horizontally, 
making more operations possible than with a builder's level. 


Transit-levels have a lock 
lever or clamp to hold the tele- 
scope in a fixed, level position. 
See Figure 33-26. When the 
telescope is locked in a level 
position, the transit-level can 
perform the functions of the 
builder's level. 


When the lock lever or clamp 
is released, which allows verti- 
cal movement ofthe telescope, a 
vertical clamp screwis tightened 
to hold the telescope in the de- 
sired vertical position. A vertical 
tangent screw is used to make 
vertical fine adjustments. 


VERTICAL CLAMP SCREW. 
WHEN TIGHTENED, HOLDS 
TELESCOPE IN FIXED 
VERTICAL POSITION. 


LEVELING VIAL 


TELESCOPE FOCUSING 


KNOB 
VERTICAL TANGENT 
SCREW. USED TO 
MAKE FINE VERTICAL 
ADJUSTMENTS AFTER 
VERTICAL CLAMP 


VERTICAL SCREW IS TIGHTENED. 


ARC POINTER 


VERTICAL ARC. 
USED TO MEASURE 
VERTICAL ANGLES. 


EYEPIECE 


TELESCOPE LOCK LEVER. 
HOLDS TELESCOPE IN 
CORRECT POSITION FOR 
HORIZONTAL LEVELING 
OPERATIONS. WHEN 
RELEASED, ALLOWS 
TELESCOPE TO 
MOVE VERTICALLY. 


HORIZONTAL 
CIRCLE 


HORIZONTAL ~~ 


E | bs -" b 
^ — p -~ N 
CLAMP 


HORIZONTAL ' : 
TANGENT SCREW i / 7 
David White Instruments 


Figure 33-26. Vertical and horizontal angles can be determined with a transit-level. 


HORIZONTAL 
VERNIER SCALE 


Horizontal Circle and Vernier Scale 
Figure 33-27 E -— 


DETAIL OF ONE 90* 
QUADRANT 


Bus o — 90° 


QUADRANT QUADRANT 


(2) p (3) EACH QUADRANT IS 
MARKED IN DEGREES 
AND NUMBERED 
EVERY 10° 


0° 
J 


/ HORIZONTAL CIRCLE 
IS DIVIDED INTO 


2 4 QUADRANTS 3- 
(0°-90°) 
VERNIER SCALE 
90° Y 90 
QUADRANT QUADRANT 


(1) (4) 


“HORIZONTAL 
CIRCLE SCALE J 


ntal circle scale is divided into degrees ranging 


j -27. Each quadrant of a horizo : to de 
P pM i for more accurate readings in minutes. 


from 0? to 90°. The vernier scale is used 


Horizontal Circle and 
Horizontal Vernier Scales 


A transit-level has a horizontal 
circle and horizontal vernier 
scale. See Figure 33-27. The 
horizontal circle and horizontal 
vernier scale are intersecting 
scales used to measure horizon- 
tal angles. The horizontal circle 
is divided into four quadrants, 
each reading from 0? to 90°. 
The vernier scale has 12 gradu- 
ations (labeled 0 to 60 minutes) 
at each side of the 0 index. 

The horizontal circle is turned 
by hand and it does not move 
when the telescope rotates. The 
horizontal vernier scale is at- 
tached to the instrument frame, 
and it rotates around the inside 
of the horizontal circle as the 
telescope is turned to the right 
or left. 


Vertical Arc and Vertical 
Vernier Scales 


Transit-levels are equipped 
with a vertical arc, which 
is similar to the horizontal 
circle. A vertical arc is used to 
measure vertical angles and is 
graduated from 0 to 45° in two 
directions. A vertical arc moves 
with the vertical motion of the 
telescope. Some transit-level 
models have a vertical vernier 
scale, which is attached to the 
frame and does not move. Simi- 
lar to the horizontal vernier 
scale, a vertical vernier scale 
indicates smaller increments 
than a vertical arc. 

Some transit-levels have a verti- 
cal arc pointer to indicate the ver- 
tical angle to which the telescope 
has been set. See Figure 33-28. 


Setting up Transit-Levels 


The procedure for setting up 
transit-levels is similar to setting 
up builder’s levels. The telescope 
must be locked into its horizon- 
tal position before a transit-level 
is adjusted with the leveling 
screws. 
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Figure 33-28. A transit-level may have 
a pointer instead of a vernier scale. A 


transit-level with a pointer can measure 
vertical angles only to whole degrees. 


Setting Up over a Point. For 
measuring and laying out 
horizontal angles, transit-levels 
must be set up over a specific 
point on the ground. As shown 
in Figure 33-29, a plumb bob 
is used in this procedure as 
follows: 


1. Spread the legs ofthe tripod 
and place the tripod head 
directly over the desired 
point. 

2. Secure the transit-level to 
the tripod. Form a slip knot 
in the plumb bob line and 
attach the line to the plumb 
bob hook. A slip knot allows 
a plumb bob to be raised or 
lowered by sliding the knot 
along the cord. Adjust the 
line length so the plumb bob 
is about 4" above the point. 

3. Ifnecessary, shift the tripod 
so the plumb bob is directly 
over the point. 

4. Roughly level the transit-level 
with the leveling screws. Do 
not tighten the screws. 

5. Most transit-levels have a 
shifting center, which al- 
lows for slight movement of 
the instrument on the level- 
ing plate. When the plumb 
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bob is close to the point, 
make the final adjustment 
by shifting the transit-level 
on the leveling plate. 

6. Adjust and tighten the lev- 
eling screws. Ensure the 
transit-level is level in all 
positions. 


Figure 33-29. A plumb bob is used to 
locate a transit-level over a specified 
point on the ground. A slip knot permits 
the plumb bob to be raised or lowered as 
needed. 


Typical Building Shapes 
" F igure 33-30 - iim - 


LINES A AND B ARE SQUARE OR 
AT A 90° ANGLE TO EACH OTHER 


SQUARE 


L 


Figure 33-30. Buildings usually consist of lines that are square to each other. 


adi 


Transit-Level Operations 
The right angle (90?) is the angle 
used most often in construction. 
Most buildings consist of one or 
more rectangular parts. Each line 
in arectangular shape forms a 90? 
corner at the point where it meets 
another line. Walls constructed 
according to these lines are re- 
ferred to as being square to each 
other. See Figure 33-30. 

One of the first stages of a 
construction project is the con- 
struction of a foundation. Before 
any foundation work can occur, 
building lines must be set up 
indicating the exact outline of 
the foundation. Building lines 
are usually at a 90? angle to each 
other. One of the fastest ways to 
lay out building lines is to use a 
transit-level. The transit-level can 
also be used to lay out angles other 
than 90°, to plumb, and to estab- 
lish points in a straight line. 


nmet, allowing a | 


RECTANGULAR 


Measuring 90? Horizontal An- 
gles. The points at both ends 
of a line must be established 
before a 90° horizontal angle 
can be measured. The transit- 
level is set up over one of the 
points. A sight is taken on the 
second point. The transit-level 
is then rotated 90? to establish 
a second line that is square to 
the first line. This procedure is 
shown in Figure 33-31. 


Measuring Horizontal Angles 
Other than 90°. The horizon- 
tal circle on a transit-level is 
divided into four quadrants, 
each reading from 0? to 90°. 
Angles greater than 90? angles 
can be measured by rotating 


the telescope to the right or left 
and then performing addition or 
subtraction as necessary. Angles 
of 90? or less can be measured 
directly on the horizontal circle 
scale without any addition or 
subtraction. Examples of pro- 
cedures for measuring various 
angles are shown in Figure 
33-32. Keep in mind that the 
vernier scale moves with the 
swing of the instrument. 


Measuring Horizontal Angles 
in Degrees and Minutes. For 
some applications, measure- 
ments must be expressed in 
degrees and minutes (and sec- 
onds in some situations). Min- 
utes and seconds are used to 


Laying Out 90° Angles Using a Transit-Level 


Figure 33-31 


TRANSIT-LEVEL 


POINT A 


STAKE 
POINT B 


STAKE 
PICTORIAL VIEW 


LEVEL AND PLUMB 
TRANSIT-LEVEL 
OVER STAKE AT 

POINT A 


POINT B 


AKE UNDER 
STAKE su 


TRANSIT-LEVEL 


PLAN VIEW 


Level and plumb transit-level 
over the stake at point A. 


Aim telescope at stake driven 
at point B. 


Turn horizontal circle scale until 

$ > 3 
one 0° mark lines up with 0 
mark on vernier scale. 


0 


POINT A 
HORIZONTAL 
CIRCLE 
SETTING 


DRIVE 
STAKE 
POINT C 


express fractions of a degree. 
The breakdown of degrees is as 
follows: 


Full circle = 360° 
1° = 60 minutes (60^) 
1’ = 60 seconds (60”) 


SERENE He 


EM u—— _ mtm - Lnd 
" When removing a survey Tel 
* instrument from a tripod, loosen _ 
two adjacent leveling screws and 
unscrew the tripod-mounting stud 

while holding on to the instrument. 
Carefully remove the instrument 

from the tripod and secure it in its 
carrying case. When closing the 
cover, ensure that all components 
_ are properly protected. = 


a oa = 


POINT B 
SETTING 


|- © ROTATE 90° 
PICTORIAL VIEW 


B— 
N POINT B 
STAKE 


PLAN VIEW 


TURN HORIZONTAL CIRCLE SCALE UNTIL 
ONE 0° MARK ALIGNS WITH 0° MARK 


ON VERNIER SCALE 


Rotate telescope until 0° mark 
on vernier scale lines up with 
90° mark. 


Measure desired distance to point 
C and drive stake. Aim telescope 
at top of stake. Drive nail in line 
with vertical crosshair, and at 
desired distance measured from 
point A. Lines A-B and A-C will be 
at a 90° angle. 


LINE UP NAIL 
WITH VERTICAL 
CROSSHAIR AND 
DRIVE NAIL 
INTO STAKE 


ROTATE TO 90° 


HORIZONTAL 
CIRCLE SCALE f 


POINTA |, 
STAKE 


ALIGN 0° MARK 
ON THE VERNIER 
SCALE WITH 90° 

MARK ON 
HORIZONTAL 
CIRCLE SCALE. 


Figure 33-31 Transit-levels are used to lay out 90° angles. In this example, points A, B, and C are identified by small nails placed at 


the top of wood stakes. 
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75° TOTAL 
ANGLE o 


HORIZONTAL 
CIRCLE SCALE 


MEASURING 
| AN ANGLE 


Measuring an angle less than 90° 


115° TOTAL 
ANGLE g°TRANSIT-LEVEL 
HORIZONTAL 


CIRCLE SCALE 


65^ 


90° 

is 90° 

425° MEASURING AN 90° 
= ANGLE MORE THAN 90° | +40 "| | MORE THAN 270° 
115° TOTAL BUT LESS THAN 180° |310? TOTAL BUT LESS THAN 360? 


DETAIL OF VERNIER SCALE 
| SET FOR 115° | 


Y w^ 


To measure an angle greater than 90° 
but less than 180?, subtract number of 
degrees being measured from 180. In 
this example, angle to be measured is 
115*. When 0? mark on vernier scale is 
aligned with 65? scale mark in second 
quadrant, it represents a 115? total angle 
measurement. 


TRANSIT-LEVEL |210? TOTAL 


af MEASURING AN 
so ANGLE MORE 


“Soe LESS THAN 90° | 210° TOTAL —— 


DETAIL OF VERNIER SCALE DETAIL OF VERNIER SCALE 
SET FOR 75° SET FOR 210° 


7] L X F 


| SET AT 30° 
| QUADRANT 


310° TOTAL 


210° 
-180° . 
30° TOTAL 


90?4 90° 


THAN 180° BUT 
LESS THAN 270° 


IN 3RD 


To measure an angle greater than 180° 
but less than 270°, subtract 180 from 
number of degrees being measured. In 
this example, angle to be measured is 
210° (210 -180=30). When 0° mark on 
vernier scale is aligned with 30° scale 
mark in third quadrant, it represents a 
210? total angle measurement. 


ANGLE 


DETAIL OF VERNIER SCALE - 
SET FOR 310° 


To measure an angle great than 270° 
but less than 360°, subtract number of 
degrees being measured from 360. In 
this example, angle to be measured is 
310? (360 — 310-250). When 0° mark 

on vernier scale is aligned with 50* 
scale mark in the fourth quadrant, it 
represents a 310? total angle 
measurement. 


Figure 33-32. Any angle can be measured by rotating the telescope to the right or left 
and then performing addition or subtraction as necessary. 


Transit-levels and builder's lev- 
els measure angles in degrees and 
minutes by correlating the degree 
graduations on the horizontal circle 
to the minute graduations on the 
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vernier scale. The numbers on the 
vernier scale run from 0? to 60? to 
the right and left of the 0 index. 
Each small mark on the vernier 
scale represents 5' (minutes). 


In Figure 33-33, an explana- 
tion and comparison are given 
between a degree-only reading 
and a degree-and-minute read- 
ing. Additional examples of 
degree-and-minute readings are 
shown in Figure 33-34. 


HORIZONTAL CIRCLE SCALE 
READING = 75° 


To measure angles in degrees, align 
0° mark on vernier scale with a 
degree mark on horizontal circle 
scale. 


VERNIER SCALE 


HORIZONTAL CIRCLE SCALE 


READING = 75°- 45’ 


To measure angles in degrees and 
minutes, identify last degree mark 
passed by 0° mark on vernier scale. 
Minute reading will be where a vernier 
minute mark lines up with horizontal 
circle degree mark. 


Figure 33-33. The horizontal circle and 
vernier scales are used to measure angles 
in degrees and minutes. 


Plumbing. A column, building for applications such as set- 
corner, or other vertical member ting stakes for a form wall and 
can be plumbed accurately with ^ establishing centers of piers 
a transit-level. When using a or footings. The procedure for 
transit-level for plumbing, place establishing points in a straight 
the instrument at a convenient line with atransit-level is shown 
distance from the object being in Figure 33-36. 

plumbed. If possible, the dis- 
tance should be greater than the 
height of the object. The proce- 
dure for plumbing a column is 
shown in Figure 33-35. 


| manufacturer. 

p 'anu cturer add 
operating Mau c 
pagemise 


Establishing Points in a Straight 
Line. A transit-level simplifies 
the task of establishing points in 
38°-25 a straight line and can be used 


Plumbing Columns 
Figure 33-35 


COLUMN AS 
AIM TELESCOPE AT 
BOTTOM EDGE OF COLUMN VIEWED 


THROUGH 
TELESCOPE 
COLUMN 
nO, 
LEVEL e 
TRIPOD l 


© Set up and level transit-level. 


0°-30’ 


peUNIEBE EC CKWISE 


Release locking lever and aim telescope toward 
bottom edge of column. 


Align vertical crosshair as close as possible to 
bottom edge of column. Tighten vertical clamp screw 
to hold telescope in position. Tighten horizontal 


clamp screw. Make final adjustment of vertical VERTICAL CROSSHAIR 
crosshair to line up with edge of column by turning ALIGNED WITH BOTTOM ` 
horizontal tangent screw. EDGE OF COLUMN j 


4 AIM TELESCOPE AT 
a © TOP EDGE OF COLUMN 


pcs , 
RAISE) S E d 


TELESCOPE | e 
n TRANSIT- 
a LEVEL 
TRIPOD 


Loosen vertical clamp screw. Raise telescope and 
aim it toward top of column. Tighten vertical 
clamp screw. 


Q Sight through telescope. Column is plumb in one 
plane when top edge of column is aligned with { 
vertical crosshair. COLUMN IS PLUMB WHEN 


- aa és TOP EDGE OF COLUMN 
Move transit-level to second position 90° from the IS ALIGNED WITH 


87°-15’ CLOCKWISE 
first. Repeat steps 1 through 5 to plumb column in - VERTICAL CROSSHAIR 


Figure 33-34. When degree numbers both planes. 
increase to the left, clockwise angles are 
being read. When degree numbers increase 
to the right, counterclockwise angles are 
being read. 


Figure 33-35. When plumbing a column with a transit-level, the distance between the 
transit-level and object being plumbed should be greater than the height of the object, 
if possible. 
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| Setting a Row of Stakes 
| Figure 3336 —— ! 


OBJECTIVE: TO SET A 
STRAIGHT ROW OF STAKES 
BETWEEN POINTS A AND B. 


LEVEL AND PLUMB 
TRANSIT-LEVEL OVER 
| -... STAKE AT POINT A 
f |NAIM AT STAKE -~ WOOD 
AT POINT B — STAKE 


AS VIEWED ` 
THROUGH 
TELESCOPE 


STAKE AT 
POINT B. 


| CROSSHAIR 


@ Level and plumb transit-level over stake at point A. 


Q Aim telescope toward point B. Adjust horizontal 
tangent screw until vertical crosshair lines up with 
edge of stake at point B. 


STAKE AT POINT B IN 
LINE WITH VERTICAL 
CROSSHAIR 


INTERMEDIATE 
NS #1 


LOWER TELESCOPE AND AIM 
AT INTERMEDIATE STAKE #1. 
LINE UP AND DRIVE STAKE 


INTERMEDIATE STAKE 
#1 IN LINE WITH VERTICAL 
CROSSHAIR 


POINT B 


ALL STAKES IN LINE 
WITH VERTICAL 
CROSSHAIR 


Figure 33-36. A row of stakes can be set in a straight line using a transit-level. 


© Aim telescope at intermediate stake #1. Align and 
drive stake 


ALIGN AND DRIVE 
INTERMEDIATE STAKES 
#2 AND #3 


© When placing an intermediate stake, set it in position 
and focus telescope on stake. Drive stake into ground 
when edge of stake lines up with vertical crosshair. 


CARE OF LEVELING 
INSTRUMENTS 


Leveling instruments, such as 
builder’s levels, automatic levels, 
and transit-levels, are expensive 
precision instruments. They can 
withstand many years of normal 
use on a construction job ifhandled 
carefully. When tradesworkers are 
unfamiliar with a particular brand 
or model of leveling instrument, 
they should refer to the instruction 
or operator manual before using the 
instrument. 


Most problems that occur with 
leveling instruments are caused 
by improper care or use. For 
example, continued exposure 
to rain and dust may cloud the 
telescope lenses. A slight blow 
or continual vibration may cause 
the instrument to become mis- 
aligned and reduce its accuracy. 
A hard blow or a fall can ruin the 
instrument. 


The following precautions 
should be observed with all level- 


ing instruments: 
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* Keep leveling instruments 
in their carrying case when 
they are not in use. 
Adjust the leveling and 
clamp screws so instrument 
parts will not move about 
freely when the instrument 
is in the case. However, 
do not tighten the screws 
enough to put the instru- 
ment in a rigid position. 

When transporting leveling 

instruments in a vehicle, do 

not place the carrying case 
on a hard floor where it will 
be subjected to vibration. 

Never set up a leveling 

instrument without fully 

spreading the tripod legs. 

When possible, press the 

legs firmly into the ground. 

* Do not overtighten the lev- 

eling screws. Overtighten- 

ing can cause the plate to 
become pitted and warped. 

A firm adjustment of the 

screws is adequate. 

Protect a leveling instrument 

with a waterproof cover if 

the instrument must be in 
rain or heavy dust for an 
extended period. 

* Use a sunshade to help pro- 

tect the objective lens from 

dust. 

Never rub dust or dirt off a 

lens; blow the dust or dirt off 

or use a camel's hair brush. 

If leveling screws or other 

movable parts require clean- 

ing, wipe them with an oiled 
cloth or brush. Use a light 
instrument oil. 

Do not allow unauthorized 

persons to use leveling in- 

struments. 

e When moving a leveling in- 
strument to another location 
on a job site while mounted 
on a tripod, slightly loosen 
the leveling screws to take 
pressure off the tripod plate. 
Hold the instrument in front 
of you with the tripod under 
your arm. 


Laser Levels 
| and 
Total Station 


aser levels and total sta- 
tion instruments are two 


ofthe more technologically 


advanced layout and survey in- 
struments used on construction 


projects. Laser levels offer sev- - 


eral advantages over traditional 
surveying equipment: they are 
easy to set up and adjust, and 


they allow a single worker to - 


perform a variety of operations 
accurately and quickly. 

Total station instruments 
combine digital data processing 


and survey technology. Total — 


stations are used to electroni- 
cally measure distances, record 
and store data, and perform 
mathematical calculations. 


LASER LEVELS 


Laser levels, also referred to as 
construction lasers, perform the 
functions of traditional survey- 
ing equipment more efficiently. 
When using traditional surveying 
equipment, one worker sights the 
instrument and a second worker 
holds a target rod. When using a 
laser level to perform the same 
operations, only one worker is 
required. See Figure 34-1. 

A variety of laser levels are 
available. Some laser levels are 
used for general construction 
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Figure 34-1. Only one worker is needed to perform layout work with a laser level. After 
a laser level is properly set up, the worker uses a leveling rod and detector to establish 


or verify elevations. 


operations while others are de- 
signed for specialized operations 
such as laying and sloping pipe. 
Compact, less-expensive laser 
levels are also available. See 
Figure 34-2. These laser levels 
provide many of the functions 
included in larger laser levels. 
A laser level is used to establish 
and verify grades and elevations 
and to set up level points over 
long distances. The main parts 
of a laser level are the rotating 
beacon, out-of-level indicator, 
and leveling screws. A laser 
level assembly is attached to a 
base, which may be mounted to 


a tripod. See Figure 34-3. The 
rotating beacon projects a laser 
beam. The out-of-level indicator 
indicates when the laser level is 
out of level. 
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Figure 34-2. Compact laser levels provide 
many of the functions of larger laser levels, 
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Figure 34-3. Mos: laser levels perform similar functions, but the locations of the parts may differ, depending on the manufacturer. 


A laser level must be level for 
proper operation and accurate 
readings. Leveling screws permit 
a laser level to be adjusted so that 
it is level. A laser level is level 
when the bubble in the circular 
leveling vial is centered. Fully 
self-leveling laser levels do not 
include leveling screws. 


D 


Laser Level 
Media Clip 


Laser Beams 


The term laser is formed from 
the initial letters of the words 
light amplification by stimulat- 
ed emission of radiation. When 
a laser level is turned on, a laser 
diode, which is a solid-state 
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device, produces a highly con- 
centrated laser beam. The laser 
beam is then projected from the 
rotating beacon. 

A small-diameter (35") laser 
beam is produced in a laser 
level, which can extend the 
horizontal operating distance 
up to 1500'. Typical accuracy 
for high-quality instruments is 
within 116” per 100’. Accuracy 
will decrease significantly at 
distances over 1000' due to 
the curvature of the earth and 
distance from the laser level. 
Strong air disturbances may 
also bend the laser beam and 
decrease its accuracy. 

A laser beam may be visible or 
infrared (invisible). Laser levels 
with visible beams are gener- 
ally used for indoor applications 


where they replace less-accurate 
tools and supplies such as hand 
levels and chalk lines. Visible 
beam laser levels are commonly 
used to hang suspended ceiling 
grids, level and hang cabinets, 
and lay out and align wall studs. 
A detector may be used with a 
visible beam laser level. 

Laser levels with infrared 
beams are used in general con- 
struction work including outdoor 
applications. Infrared laser 
beams have the ability to travel 
through, and be less affected by, 
atmospheric conditions at great- 
er distances than visible beams. 
A detector is used to locate the 
infrared beam position. Infrared 
beam laser levels are commonly 
used to set concrete forms and 
check elevations. 


Types of Laser Levels 


Three basic types of laser levels 
are manual-leveling, compen- 
sated self-leveling, and fully 
self-leveling instruments. 


Manual-Leveling Laser Levels. 
Manual-leveling laser levels 
have tubular or circular vials 
with air bubbles for leveling the 
instrument. An operator must 
manually level the laser level 
using the leveling screws in a 
manner similar to traditional 
surveying equipment. Tempera- 
ture or atmospheric changes 
during the day may cause the 
air bubbles to drift, therefore 
requiring releveling of the in- 
strument. Manual-leveling laser 
levels are the least expensive 
and the least accurate type of 
laser level. 


Compensated Self-Leveling La- 
ser Levels. A compensated self- 
leveling laser level requires that 
the laser first be manually lev- 
eled using the leveling screws. 
A compensated self-leveling 
laser level is equipped with 
a compensator that automati- 
cally maintains the levelness of 
the laser level while it is being 
used. If the level is jarred out of 
its self-leveling range, the level 
will shut down and emit a vi- 
sual or audible signal notifying 
the operator that the instrument 
needs to be releveled. 


Fully Self-Leveling Laser Lev- 
els. Fully self-leveling laser 
levels are the most accurate and 
easiest type of laser level to op- 
erate. Fully self-leveling lasers 
have motor-driven electronic 
leveling bubbles and require no 
manual adjustment. If the laser 
level is jarred, the level will shut 
off the beam, relevel itself, and 
turn on the beam again. Many 
fully self-leveling instruments 
are equipped with an audible 
alert that notifies the operator 
when the level is out of level. 


Laser Beam Detectors 


Laser beam detectors, also known 
as Sensors or receivers, serve as 
a target for laser beams. See Fig- 
ure 34-4. Detectors are battery- 
powered and are clamped to a 
leveling rod or a plain wood 
rod. Some detectors can be 
hand held or suspended from a 
metal surface with a magnetic 
mount. 

The capture window of a de- 
tector receives the laser beam 
from a laser level. The detector is 
moved vertically on the rod until 
it is directly aligned with the la- 
ser beam. An indicator shown in 
the liquid crystal display (LCD) 
on the detector indicates wheth- 
er the detector is above center, 
below center, or on center. If the 
detector is above or below center, 
it must be moved down or up, 
respectively. When the detector 
is on center, a level line of sight 
extending from the laser level to 
the detector is established. Many 
detectors emit audible tones to 
indicate the sensor position. 
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INDICATOR 


LX 
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INDICATOR 


Direct sunlight and highly 
reflective surfaces can affect the 
ability ofa detector to accurately 
sense a laser beam. If possible, 
a laser level and/or detector 
should be repositioned so they 
are shaded from direct exposure 
to the sun. 


Remote Controls. Many laser 
levels can be adjusted with a 
remote control device, making 
it possible to move the beam 
vertically or focus the laser beam 
while the operator stands next 
to the target. Effective ranges for 
remote controls are up to 160’ in- 
doors and 65' to 160' outdoors. 


Positioning Laser Levels. Tri- 
pods are commonly used to posi- 
tion and mount laser levels. For 
certain applications, laser levels 
are attached to metal brackets or 
other devices fastened to walls 
or ceilings. Laser levels used for 
plumbing and squaring opera- 
tions can be placed directly on 
the floor and manually leveled. 
See Figure 34-5. 
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Figure 34-4. Laser beam detectors function as a target for the laser beam. 
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Figure 34-5. Laser instruments can be mounted on tripods or brackets or placed directly on the floor and manually leveled. 


Selecting Laser Levels 


A variety of laser levels are 
available for various construc- 
tion operations. When selecting 
a laser level, the following fac- 
tors should be considered: 


e size of the job site and required 
range of the instrument 

* degree of accuracy required 

e primary laser level appli- 
cation (interior or exterior 
work). Are vertical layout 
capabilities required? Will 
sloping grades need to be 
established and verified? 


Laser levels may be able to ful- 
fill one or a combination of these 
operations. The two types of laser 
levels most frequently used by 
carpenters are rotating laser levels 
and split-beam laser levels. 


Rotating Laser Levels. The laser 
beam of a rotating laser level 
moves 360° in a continuous lev- 
el motion. See Figure 34-6. The 
rotation speed of most rotating 
laser levels can be adjusted, al- 
lowing the laser beam to appear 
stationary or to sweep across 
a surface. Rotating levels are 
commonly used for establishing 
grades and elevations such as 
when setting foundation form 
heights, aligning tops of win- 
dow frames, and aligning tops 
of kitchen cabinets. 
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Split-Beam Laser Levels. A split- 
beam laser level generates two 
laser beams which are projected 
90° to one another. A single beam 
is directed into a beam-splitting 
prism which accurately divides 


FOUNDATION 
WALLS 


-DETECTOR 


pO LEVELING 
ROD 


the beam into two laser beams. 
See Figure 34-7. Both beams 
can be projected simultane- 
ously, or a single horizontal or 
vertical beam can be projected 
individually. 


LASER 
LEVEL 


| _ TRIPOD 


Figure 34-6. As the rotating beacon revolves, a laser beam is projected in a continuous 
level, circular motion. 


Split-beam laser levels are 
primarily designed for plumb- 
ing and leveling operations, 
even though they can be used 
for other laser level applications. 
The vertical beam can be used to 
plumb vertically oriented items 
such as high wall forms and col- 
umn forms. The horizontal beam 
can be used for operations such 
as leveling and setting cabinets 
and countertops, squaring lines 
for floor and ceiling tiles, and 
leveling suspended ceiling grids. 
Carpenters also use split-beam 
laser levels to plumb and align 
window and door frames, as well 
as to place trim and millwork. 


Setting Up and Operating 
Laser Levels 

Features and operation of laser 
levels vary with the model and 
manufacturer. If you are not 
familiar with the instrument, 
always refer to the manufacturer 
instructions before operating a 
laser level. A general procedure 
for setting up and operating a 
compensated self-leveling laser 
level is as follows: 

1. Position the laser level so 
there is an unobstructed 
path from the laser level 
to the detector. Mount the 
laser level on a tripod, wall 
or ceiling mount, or a flat 
level surface. The tripod 
table or other surface on 
which the laser level is to be 
placed should be approxi- 
mately level, A typical laser 
level requires the table to be 
+ 3? for the compensator to 
operate properly. 

2. Turn on the laser level. If 
the out-of-level indicator 
illuminates, use the level- 
ing screws to level the laser 
level to within its self-level- 
ing range. See Figure 34-8. 
When the level is within 
its self-leveling range, the 
compensator will make the 
final level adjustments and 
the out-of-level indicator 
will turn off. 
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Figure 34-7. Split-beam lasers generate two laser beams at 90? to one another. Note the 
optical laser plummet directly below the laser level. 
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are commonly used to assist in leveling a suspended ceiling. The laser level 
n elevating tripod. The laser level is adjusted in elevation 


by using a crank handle on the tripod. 


Laser levels 
shown here is mounted on a 
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3. Attach the detector to a level- 
ing rod or a plain 2 x 2 rod. 
Lightly secure the bracket to 
the rod so the detector can be 
moved up and down the rod. 

4. Turn on the detector and 
select the appropriate sen- 
sitivity setting and audible 
signal. 

5. Slide the detector up or 
down the rod until the beam 
registers in the LCD. 

6. Adjust the detector until the 
on-center display and/or 
audible signal is obtained. 
Tighten the bracket lock 
knob to secure the detector 
in position. 


Laser Level Safety 


A laser level produces an intense 
and highly focused laser beam. 
Low-power laser levels emit 
levels of laser beams that are 
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not hazardous. However, high- 
power laser levels can cause 
serious eye and skin injuries if 
improperly used. 

Lasers are generally divided into 
four basic classifications, based 
on potential risk. The higher the 
class, the greater the potential risk 
for the operator and other workers 
in the area. Brief descriptions of 
the laser classes are as follows: 

e Class I: Under normal op- 
erating conditions, Class I 
lasers pose no potential risks. 
Infrared lasers are classified 
as Class I. 

e Class II: Low-power visible 
laser beams, which normally 
do not present a potential 
hazard if viewed for short 
periods of time. Many laser 
levels used for construction 
are Class II lasers. 
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e Class III: Class III lasers are 
further classified into Class 
IIIA and Class IIIB. Class IILA 
lasers do not pose a hazard 
if viewed only momentarily 
without protection. Class 
IIIB lasers can be hazardous 
if viewed directly. 

e Class IV: Class IV lasers are 
hazardous to view under all 
conditions. 


Laser level classification and 
maximum output are listed on 
a label found on the body of the 
laser level. Be sure to determine 
the classification ofthe laser level 
you are working with or near to 
determine the proper safety pre- 
cautions. If the label is missing 
from the laser level, determine 
its classification and the safety 
precautions that should be taken 
before turning on the level. 
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TURNING BOTH TURNING BOTH TURNING BOTH TURNING BOTH SCREWS 
SCREWS IN SCREWS OUT SCREWS CLOCKWISE COUNTERCLOCKWISE 
MOVES BUBBLE MOVES BUBBLE MOVES BUBBLE MOVES BUBBLE 
TO RIGHT TO LEFT FORWARD BACKWARD 


TURN BOTH SCREWS EQUALLY AND SIMULTANEOUSLY 


Figure 34-8. Leveling screws are used to adjust a laser level to within its self-leveling range. 
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Leveling forms can be accomplished by one worker using a laser level. 


Laser levels must be operated 
only by workers trained in the 
proper installation, adjustment, 
and operation of laser instru- 
ments. Proof of qualification 
of the laser level operator must 
be available and in the posses- 
sion of the operator at all times. 
Manufacturer recommendations 
must always be observed when 
using a laser level. Employees 
on a job site must be aware of 
potential hazards posed by laser 
levels. OSHA 29 CFR 1926.54, 
Nonionizing Radiation, pro- 
vides information regarding the 
safe use of laser levels. Safety 
precautions to observe when 
using laser levels include the 
following: 


e Depending on the laser clas- 
sification, place the proper 
laser warning placards in 
areas where lasers are being 
used. See Figure 34-9. 

Set up laser levels above 

or below the heads of em- 

ployees, when possible. 

A low laser level position 

provides greater stability 

and minimizes the chance 
that the instruments may be 
knocked over due to wind. 

e Use beam shutters or caps, 
or turn off the laser when 
laser transmission is not 
required. 

e Turn off the laser when left 
unattended for a period of 
time, such as during lunch 
hour or a change of shifts, 
or overnight. 


e Use only mechanical or elec- 
tronic means as a detector for 
receiving the laser beam. 

e Do not direct the laser beam 
at other workers. 

e When practicable, discontin- 
ue laser operation when it is 
raining or snowing, or when 
there is a large dust concen- 
tration at the job site. 

e Per OSHA 29 CFR 1926.102, 
Eye and Face Protection, 
workers must wear appropri- 
ate antilaser eye protection 
when working in areas where 
there is a potential exposure 
to direct or reflected laser light 
greater than 5 milliwatts. 


LASER RADIATION 


AVOID DIRECT 
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Figure 34-9. Warning placards are used in 
areas where laser levels are being used. Ex- 
amples of warning placards are shown. 


TOTAL STATION 
INSTRUMENTS 


Total station instruments have 
evolved considerably in the 
years since they were first intro- 
duced as survey instruments. 
Initially, total station instru- 
ments were primarily operated 
by surveyors for a variety of 
activities such as land terrain 
surveys, cartography (mapmak- 
ing), bridge building, and min- 
ing operations. Recently, total 
station instruments have seen 
increasing use by carpenters 
and other building tradeswork- 
ers for job site layout. 

Total stations combine digi- 
tal data processing and survey 
technology. Total stations per- 
form the functions of traditional 
transit-levels including level- 
ing, plumbing, and horizontal 
and vertical measurements. In 
addition, total stations elec- 
tronically measure distances, 
record and store data using an 
integral computer, and perform 
mathematical calculations. 

Total station instruments are 
available from many manufac- 
turers. Each manufacturer offers 
several models of total station 
instruments falling within dif- 
ferent price ranges. However, 
the basic features and operating 
procedures are similar. Figure 
34-10 shows a total station 
instrument and identifies its 
primary operating and adjust- 
ment devices. 


Setting up Total Station 
Instruments 

Features and operation of total 
stations vary with the model 
and manufacturer. If you are not 
familiar with the instrument, 
always refer to the manufacturer 
instructions before operating 
a total station instrument. A 
general procedure for setting 
up and operating a total station 
instrument is as follows: 
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Figure 34-10. Total station instruments include many operating and adjustment devices and display data on a liquid crystal display. 


1. Place the tripod directly 
over an established ground 
mark (station point) so that 
the tripod head is roughly 
level. Press the tripod legs 
firmly into the ground so 
that the tripod is in a stable 
position. See Figure 34-11. 

2. Mount the total station in- 
strument on the tripod. 

3. Level the total station in- 
strument using the tribrach 
leveling screws. 

4, Ensure the total station in- 
strument is directly over the 
ground mark by turning on 
the optical laser plummet 
and shifting the tribrach un- 
til the laser plummet aligns 
with the ground mark. The 
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optical laser plummet proj- 
ects a small-diameter laser 
beam downward. For older 
models of total station in- 
struments, use a plumb bob 
to align the instrument with 
the ground mark. 

5. Complete the final leveling of 
the total station instrument. 


Electronic Distance 
Measurement 


An integral feature of a total 
station instrument is electronic 
distance measurement (EDM). 
EDM allows distances to be 
measured between points witha 
high degree of accuracy (within 
.001’) without the use of a mea- 
suring tape. 


The total station is focused on 
reflective tape adhered to a sur- 
face or on a prism mounted on a 
pole or stake. An infrared beam 
is then directed from the total 
station instrument toward the 
tape or prism. The beam bounces 
back to the total station and the 
distance is calculated from the 
time elapsed. The measurement 
is recorded by an integral data 
collector or by a data-collection 
unit attached to the total station. 
The information can also be 
transmitted to a computer, often 
located in the contractor’s office, 
where computer-aided design 
and drafting (CADD) software can 
develop precise field drawings 
and contour maps. 
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Figure 34-11. A total station must be leveled and plumbed over a ground mark with 


great accuracy. 


Prisms. Traditional survey equip- 
ment and laser levels use a lev- 
eling rod or plain rod with an 
attached target or detector. The 
target for a total station instru- 
ment is a reflective device called 
a prism that receives the infrared 
beam from the instrument. The 
prism is commonly mounted on 
a metal prism pole and can be 
moved up or down as required. 
See Figure 34-12. Prisms can also 
be held by hand, but holding by 


hand is not as accurate. 


Data Recording 


Total station instruments are 
equipped with an integral com- 
puter that not only records 
survey data, but can also run 
other software programs. The 
computer can be used to calcu- 
late sines, cosines, and tangents, 
as well as to determine angles 
and measure distances. The data 
can electronically transferred to 
laptop and desktop computers 
for other engineering and con- 
struction applications. 
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Figure 34-12. Total station prisms are 
frequently mounted on metal poles. Hand- 
held prisms may also be used. 


Types of Total Stations 


Additional total station capabilities 
are obtained with advanced types 
of total stations. Robotic, motor- 
ized, and reflectorless total station 
instruments use more powerful 
software and electronics to provide 
additional capabilities. 


Robotic Total Stations. Only 
one person is needed to perform 
survey functions when using a 
robotic total station instrument. 
Data is entered into a remote key- 
board, which is contained in the 
prism. The prism sends signals 
back to the total station. Motors 
within the total station adjust the 
instrument to point in the direc- 
tion of the prism pole. Data pre- 
viously input to the total station 
computer directs the operator 
as to which direction to move to 
establish a point or coordinate. 
The primary advantages of a 
robotic total station are that only 
one person is needed to operate 
the instrument, and the speed 
of operation. However, a robotic 
total station is accurate only up 
to 875 yards (800 meters). 


Motorized Total Stations. A 
motorized total station requires 
two workers to establish a point 
or coordinate. After the total sta- 
tion is properly set up and data 
is input, the instrument will 
automatically rotate and point 
at the location where the prism 
should be set up. The operator 
then verbally directs the other 
worker to position the prism. 


Reflectorless Total Stations. 
A reflectorless total station is 
equipped with two types of EDM. 
In addition to an infrared beam 
that requires a prism, the instru- 
ment can also project a visible red 
beam toward a target such as an 
inaccessible location on the job 
site. A red dot appears on the tar- 
get and the total station measures 
the distance without the use of 
a prism. The primary advantage 
of a reflectorless total station is 
that the instrument can be used 
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at locations where it is not con- 
venient to place a prism directly 
on the target point. Reflectorless 
total stations, however, are not 
as accurate as the infrared EDM 
and prism. 


Total Station Instrument Care 


Total station instruments are pre- 
cise survey instruments which 
must be handled carefully to 
ensure accurate measurements. 
The following items should be 
considered when setting up and 
using a total station instrument: 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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After removing the instru- 
ment from its carrying case, 
immediately attach the in- 
strument to the tripod, which 
has been firmly pressed into 
the ground. Do not leave the 
instrument unfastened on 
the tripod mounting plate. 
Verify that the instrument 
has been correctly set up 
and that accessories are 
properly attached. 

Allow the instrument to 
adjust to the ambient tem- 
perature prior to turning on 
the instrument. 


Limit the amount of time 
the instrument is used dur- 
ing inclement weather con- 
ditions. Do not use a total 
station instrument when 
lightning is present. 

Cover the instrument with 
a protective hood between 
operations. 

Remove batteries from an 
instrument if it will not be 
used for extended periods. 
After removing the instru- 
ment from the tripod, im- 
mediately place it back in 
its carrying case. 


m 
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he exact location ofa build- 
ing on a building site must 
be known before construc- 
tion can begin. A plot plan 
provides location and elevation 
information for the building 
site, and other information com- 
monly used by an operating en- 
gineer who clears the property. 


BUILDING SITES 


In residential areas where streets 
have been established, a piece 
of property is referred to as a 
lot. When a building is to be 
constructed on a lot, the lot be- 
comes a building site. Features 
of a building site help determine 
the type of foundation best suited 
to the building. For example, 
the shape and size of the lot and 
ground slope must be considered 
in designing the foundation. 
Other factors to be considered are 
weather conditions of the area 
and soil conditions of the site. 
Soil conditions of one building 
site may be different from condi- 
tions of other sites in the same 
general area. 


Soil Conditions 


Since the full load of a building 
rests on the ground below it, soil 
conditions are important to the 
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Building Site 
and Foundation. 


integrity of the building founda- 
tion. The American Society for 
Testing and Materials (ASTM) 
classifies soils as gravel, sand, 
silt, or clay. The main difference 
among the four soil types is the 
size of the grains (particles) that 
make up the soil. Clay is com- 
posed of the smallest particles. 
Gravel is composed of the largest 
particles. Silt and sand particles 
are larger than clay but smaller 
than gravel. 

Since gravel particles are larg- 
er, they compress (press togeth- 
er) less than clay particles when 
subjected to heavy pressure. 
See Figure 35-1. Consequently, 
there is less settlement (down- 
ward movement) of a building 
constructed on sand than of a 
building constructed on clay. In 
addition, since larger voids exist 
between sand particles, sandy 
soil drains water away more 
quickly than clayey soils. 

A certain amount of settle- 
ment can be expected with any 
newly constructed building, 
unless it has been built on bed- 
rock (solid rock). No problems 
arise if settlement is minimal 
and takes place evenly. A large 
amount of uneven settlement, 
however, can cause cracks in 
the foundation and structural 
damage to the building. 


| Soil Particle Size 


| Figure 35-1 — 


SMALL CLAY GRAINS 


Figure 35-1. Gravel grains are larger than 
clay grains and more space exists between 
the grains. Therefore, gravel compresses 
less than clayey soil. 


When drawing foundation 
plans, an architect must consider 
the soil conditions of the build- 
ing site. Sometimes the architect 
consults with a soil engineer, who 
makes test bores and analyzes 
soil samples taken from the lot. 


Earthquake and Weather 
Conditions 


A foundation constructed in an 
area where there is danger of 
earthquakes (seismic risk zone) 
must be designed to withstand 
great stress. Reinforcing steel 
bars are normally required in all 


concrete or masonry foundation 
walls constructed in these zones. 
In addition, special ties or other 
structural reinforcement may be 
required to fasten the foundation 
to the structure. 

The depth of the frost line 
also affects foundation design. 
The frost line is the depth to 
which the soil freezes. In colder 
regions, moisture from rain and 
snow penetrates the ground and 
freezes during the winter season. 
The freezing and thawing cycles 
of soil cause it to expand and 
contract. If a foundation footing 
is placed below the frost line, 
there will be no movement ofthe 
foundation during freezing and 
thawing cycles. See Figure 35-2. 
The local building code usually 
specifies how deep foundation 
footings should be placed below 
the frost line. 


CRAWL SPACE 
18” MINIMUM 


| 


Figure 35-2. The bottom of a footing must 
be below the frost line. 


LAYING OUT 
FOUNDATION WALLS 


Before foundation construction 
can begin, the precise boundaries 
of a building site, called property 
lines (PL), must be verified with 
a lot survey. Next, building lines 
are set up to show the exact loca- 
tion of the building. Information 
required to lay out foundation 
walls is found on the plot plan. 
A plot plan not only shows the 
building location on the lot, but 
also identifies different grade lev- 
els of the lot. See Figure 35-3. 


Establishing Lot 
Boundaries by Lot 
Surveys 


Lots are usually mapped, and the 
maps are recorded by local build- 
ing or zoning authorities. A lot 
surveyor studies the zoning maps 
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Figure 35-3. A plot plan provides ne 
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cessary information for laying out foundation walls. Measurements are given from the property 


lines to the sides of the building. Grade levels indicate the high and low points of the ground. 
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and records to determine the 
precise boundaries of a lot. By 
measuring from the proper refer- 
ence points, a surveyor can es- 
tablish the two front corners of a 
lot. Often, street curbs are used 
as reference points. In some ar- 
eas of North America, however, 
the front corners are established 
by measuring from the center 
of a road or from special monu- 
ments placed in sidewalks. A 
transit-level is commonly used 
to establish the two rear corners 
of the lot. 


Corner Hubs and Property Points. 
A surveyor places a marker, or 
hub, at the lot corners. In the 
past, a hub was often a 2 x 2 wood 
stake driven into the ground with 
the top flush with the surface. A 
small nail was driven into the 
top of the stake to identify the 
exact property corner. Today, a 
hub usually consists of a rebar 
driven into the ground with a 
colored plastic cap. A pipe with 
a lead or plastic plug may also 
be used. This is called a property 
point or survey point. The prop- 
erty lines drawn on a plot plan 


represent lines extending from 
the four corners of a lot. 


Locating Buildings on Lots 


Local zoning regulations or 
building codes identify the 
minimum setbacks permitted 
for buildings. Setbacks vary from 
one city or county to another and 
often vary among different sec- 
tions of the same city. 

A common setback for build- 
ings located in a one-family 
residential zone is 20’ minimum 
from the front property line to 
the front of the house and 4’ 
minimum from the side property 
lines to the sides of the house. In 
contrast, buildings in commer- 
cial zones are sometimes built 
within inches of property lines. 


Establishing Building 
Corners 


The most efficient way to estab- 
lish building corners is to use a 
transit-level. Figure 35-4 shows 
how to use a transit-level to es- 
tablish building lines. 

To establish building corners 
without a transit-level, use the 


Laser levels are commonly used to establish elevations on a job site. 
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3-4-5 method of determining 90° 
corners. In the 3-4-5 method, one 
stake is driven in line 3’ from the 
corner stake and another stake is 
driven in line 4’ from the corner 
stake on the adjoining wall. The 
diagonal distance between these 
two stakes should be exactly 
5’. A greater degree of accuracy 
can be obtained by multiplying 
the distances that the auxiliary 
stakes are driven from the cor- 
ner stake by any number. For 
example, the first stake is driven 
6’ from the corner stake, and the 
second stake is driven 8’ from the 
corner stake on the adjacent wall. 
The diagonal distance across 
these two stakes is 10’. 


Building Lines and 
Batterboards 


After building corners have been 
established, building lines must 
be set up to mark building bound- 
aries. Foundation wall forms are 
then set to the building lines. 
Since it is impractical to attach 
the strings to low stakes that mark 
building corners, batterboards are 
constructed to hold the building 
lines while forms are being con- 
structed. See Figure 35-5. 


Batterboards are level boards 
nailed to stakes driven firmly 
into the ground. When stakes 
cannot be driven firmly, braces 
may be required to support bat- 
terboards. When forms are being 
constructed for foundations on 
fairly level lots, batterboards 
at all corners of the building 
should be level to each other. 
Batterboards are usually placed 
4’ to 6’ behind each building 
corner to provide working room 
between the batterboards and 
form construction. 


Using Transit-Levels to Establish Building Lines... ALL | 


Figure 35-4 
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0 Level and plumb transit-level over lot corner hub X. Sight down to opposite lot corner hub Y. 


Distance from property line to one side of building is 8’-0”. Drive a stake 8’-0” from corner hub X and align with lot corner 
hubs X and Y. This is done by lowering telescope until vertical and horizontal crosshairs are close to center of stake top at the 
8-0" measurement. Using fine adjustment tangent screws of the transit-level, sight through the instrument and drive nail into 
stake top exactly in line with vertical and horizontal crosshairs at 8'-0" reading of tape measure. 


Measure 60"-0" from point A, which is width of building. Drive another stake in line with lot corner hubs X, Y, and point A. 
© Holding tape measure in position over this hub, raise telescope until the horizontal crosshair coincides with 60'-0" mark on 
tape. Now, using vertical crosshair, align and drive nail into top of stake, establishing point B. 


© 
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LEVEL OVER 
POINT A 


SWING TELESCOPE 90° 7 
TO RIGHT $ 


BUILDING 
LOT 


SIGHT ON SWING | 
POINT B TELESCOPE 90* 
4 4 


SIGHT ON 
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O Level and plumb transit-level over point A. Sight back to point B. Then swing telescope 90° to right. 


Figure 35-4... 
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...Using Transit-Levels to Establish Building Lines . 
Figure 35-4 een — 
| E. 
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Measure 20'-0" from point A, which is distance from front property line to front of building. Lower telescope until horizontal 
crosshair coincides with 20'-0" mark on tape measure. Drive stake and nail, establishing point C, which is first corner of building. 


Measure 75'-0" from point C, which is length of building. Raise telescope until horizontal crosshair coincides with 75'-0" mark 


on tape measure. Drive stake and nail, establishing point D, which is second corner of building. 
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(7) Level and plumb transit-level over point B. Sight back to point A, then swing telescope 90° to left. 
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Measure 20'-0" from point B. Lower telescope until horizontal crosshair coincides with 20-0” mark on tape measure. Drive stake 
and nail, establishing point E, which is third corner of building. s 


Measure 75'-0" from point E. Raise telescope until horizontal crosshair coincides with 75'-0" mark on tape measure. Drive stake 
and nail, establishing point F, which is fourth corner of building. 


... Figure 35-4. Building corners are established with a transit-level. 
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Setting Up Batterboards _ 
Figure 35-5 | -— 
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CORNER STAKE 
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Drive three 2 x 4 batterboard stakes 4’ to 6’ back 
from building corner stakes. 


o Level and nail batterboards to batterboard stakes. 


Figure 35-5. Batterboards hold building lines in place to mark boundaries of a 
foundation. 


Building lines may be set up by 
stretching each line tightly from 
one batterboard to the opposite 
batterboard. Building lines are 
positioned directly over a build- 
ing corner stake using a straight- 
edge and level or plumb bob as 
shown in Figure 35-6. The same 
operation can be performed us- 
ing a transit-level to transfer the 
building corners from the stakes 
to the batterboards. Regardless 
of the method used to set up the 
building lines, nails should be 
driven or shallow kerfs should 
be cut in the upper edge of 
the batterboards to prevent the 
lines from moving out of position. 

After building lines are se- 
cured, carpenters should verify 
the measurements between the 
lines to ensure they are accurate. 
The diagonals across the lines 
should be measured to ensure 
the building lines are square. Any 
errors in layout can be easily cor- 
rected at this time. A foundation 
built out-of-square or to a wrong 
dimension will create many 
problems for the construction 
that follows. 


Setting Up Buildin 


Figure 35-6 
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of a foundation. 


Groundwork 


Before foundation forms can be 
constructed, preliminary ground- 
work must be completed. Excava- 
tion and finish grading may be 
needed. 

Depending on the soil condi- 
tions and the foundation type, 
trenches may have to be dug for 
foundation footings. 

Most groundwork is performed 
by operating engineers running 
earth-moving equipment. See Fig- 
ure 35-7. Carpenters often work 
with the operating engineers by 
setting up lines or placing stakes to 
guide the excavation and trench- 
ing operations. 


lines —— 


PLUMB BOB 
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BUILDING CORNER 
STAKE B 


BATTERBOARDS 


BUILDING 
OUTLINE 
25’ x 50 


Stretch line tightly from one 
batterboard to opposite batterboard. 


Move line at each end until plumb 

(2) bobs are directly over building 
corner stakes A and B. Fasten lines 
to batterboard. 


© Repeat previous step over building 

corner stakes B-C, C-D, and D-A. 
When all building lines are in place, 
recheck measurements between 
lines to ensure they are as specified 
on the prints. 


Measure two diagonal corners of 
© line as shown in drawing. Building 

lines are square if two diagonal 

measurements are equal. 


Figure 35-6. Building lines (usually nylon string or wire) accurately mark the boundaries 
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Heavy construction foundations may require piles to be driven deep into the earth to 


support the foundation. 


John Deere Construction & Forestry Compony 


Figure 35-7. Most groundwork is performed 
by an operating engineer operating 
earth-moving equipment such as this 
excavator. 


Excavation. An excavation is a 
cut, depression, or trench in the 
earth surface formed manually 
or by earth-moving equipment. 
The excavating process may in- 
volve leveling a slope or digging 
the ground to the proper depth 
for a full-basement foundation. 


Trenching. Fairly level ground 
beneath a crawl-space founda- 
tion generally requires little 
excavation but may require 
trenching for footings. Trenches 
must be dug so footings can be 
placed at the depth specified by 
the local building code. Some 
building codes require that a 
footing extend an additional 6" 
deeper into natural, undisturbed 
soil. In areas where the ground 
will freeze, the trench bottom 
must be below the frost line. 
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As digging proceeds, depths are 
checked with a laser transit-level 
or builder's level and rod. See 
Figure 35-8. If batterboards have 
been set close to the foundation 
wall height, a line can be stretched 
and the depth measured from the 
line. A rod cut to the required 
measurement is more convenient 
to use than a tape measure. See 
Figure 35-9. Trenches for stepped 
footings must also be level. 


© Case Foundotion 


Footing depth is usually in- 
dicated in section views of a 
foundation plan. Trenches must 
be wide enough to allow room 
for foundation form construc- 
tion. Trench bottoms must be 
level. Most lots have some slope; 
therefore, the starting point from 
which the trenches are leveled 
should be at the lowest point of 
the excavation. 


us: 


Figure 35-8. Footing depth is verified 
using a laser level (shown) or builder's 
level and leveling rod. 


Angle of repose is theslopea — 
material maintains without sliding. 


Measuring Footing Form Elevations 
Figure 35-9 k 
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Figure 35-9. When batterboards have been set to the foundation wall height, the depth 
of the trench can be measured from the building line. A rod cut to the required length is 
a convenient method of verifying trench depth. 


Grading. Many lots require 
grading, which is reshaping 
the surface of a lot. Soil is re- 
moved from some sections and 
added to other sections. Lots are 
graded so surface water (rain or 
melting snow) flows away from 
the building. Recommended 
minimum slope is 6" in 10’, or 
5%. However, if the area sur- 
rounding the foundation is to be 
paved, a 1%” in 1’, or 1%, slope 
is adequate. 

The plot plan in Figure 35-10 
shows natural grades (NG) and 
finish grades (FG) at all four 
corners of the lot. Natural grade 
is the level of the ground before 
groundwork begins. The finish 
grade is the level of the ground 
after soil has been added or re- 
moved. Soil on the lot is added 
or removed to correspond to the 
finish grades on the plot plan. 

Plot plans also include contour 
lines, which show the shape 
produced by the varying grades 
of the lot. Dashed contour lines 
represent the natural contour 
(shape) ofthe ground; solid lines 
show the finished contour. Lot 
grades are checked with a laser 
level or builder's level and level- 
ing rod. 


101NG 
100 FG 


Figure 35-10. A plot plan shows natural 
and finish grade levels. In this plot plan, the 
lot is to be graded so that it slopes toward 
the southwest and northeast corners. Soil 
will be removed from the northwest corner 
and added to the southeast and northeast 
corners. The southwest corner will remain 
at the same grade. 


Backfilling. Backfilling is done 
after forms have been removed 
and work such as waterproof- 
ing, installing exterior insula- 
tion, and placing drain tiles 
has been completed. Soil used 
for backfilling should be free of 
wood scraps and other waste 
material. Backfill is placed 
carefully against the foundation 
walls and compacted (pressed 
down). See Figure 35-11. On 
many jobs, gravel is required 
for backfill since gravel allows 
better water drainage away from 
the building. 


Figure 35-11. Backfill is placed against 
completed foundation walls. Curved steel 
areaways prevent backfill from entering 
the baseinent and allow light to enter 
through a basement window. 
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ost building founda- 
tions are constructed 
of concrete or concrete 
masonry units (CMUs). Wood 
foundations are permitted in 
some parts of the country. Major 
factors that determine founda- 
tion design are the live and 
dead loads the foundation must 


support and the soil.conditions . 


beneath the foundation. Local 
environmental factors such as 
climate and seismic conditions 
also play a large role in founda- 
tion design. . 


| Foundation Shapes 


Figure 36-9" | 
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WALLS AND FOOTINGS 


Most foundation designs consist 
of footings and walls. Footings 
rest directly on the soil and act 
as a base for foundation walls. 
In most foundation designs, foot- 
ings serve to distribute the weight 
of the building over a wider soil 
area. 

The most visible parts of foun- 
dations are the walls around the 
perimeter (outside) of the build- 
ing. Additional foundation walls 
may be located under interior 
sections of the building to sup- 
port loads from the framed units 


BATTERED 
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above. Concrete piers (square, 
round, or battered structures that 
support posts or beams) and steel 
columns or wood posts are fre- 
quently used to support interior 
sections of a building. 

Common foundation shapes 
are Inverted T-shaped, battered, 
L-shaped, and rectangular. See 
Figure 36-1. An inverted T-shaped 
foundation is constructed with a 
stem wall supported by a spread 
footing. The sides of a battered 
foundation are wide at the base 
and taper toward the top. An 
L-shaped foundation is similar to 
an inverted T-shaped foundation, 


OO M 


mm _ RECTANGULAR E 


Figure 36-1. Foundation design for a particular building site depends on soil conditions and anticipated loads. The rectangular foun- 
dation can be used only for light wall loads and firm soil conditions. 
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but the footing extends from only 
one side ofthe foundation wall. A 
rectangular foundation, designed 
for light wall loads and firm soil 
conditions, has uniform wall 
thickness over its entire height. 

The dimensions of foundation 
walls and footings are normally 
provided in section views of the 
foundation plan. The dimensions 
may also appear in a full-house 
section found in another section 
of the prints. Figure 36-2 shows 
formulas that may be used to 
determine inverted T-shaped 
foundation dimensions over 
normal soil. 
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FOOTING WIDTH = 2 x WALL THICKNESS 


FOOTING HEIGHT = WALL THICKNESS 


FOOTING PROJECTION = % WALL 
THICKNESS 


Figure 36-2. The dimensions of a footing 
for normal soil conditions can be deter- 
mined if the foundation wall thickness 
is known. 


Concrete piers support and an- 
chor the bottoms of steel columns 
and wood posts which support 


beams that are part of the framing’ 


system of a building. A square 
footing is usually placed beneath 
a steel column. Other shapes, 
such as round or battered concrete 
piers, are often placed beneath 
wood posts. See Figure 36-3. 


FOUNDATION SILLS 


Many parts of North America 
experience extreme weather 
conditions, such as hurricanes, 
tornados, and earthquakes, which 
can have devastating effects on 
buildings and human life. One 


result of these conditions is the 
building separating from its foun- 
dation. Extreme wind conditions 
can cause the building to rack, 
slide, or overturn from its founda- 
tion. Racking and sliding occur 
when the wind exerts an extreme 
horizontal pressure on the build- 
ing. Overturning occurs when the 
building is unable to either rack 
or slide, which causes the build- 
ing to rotate off its foundation. 
See Figure 36-4. 
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Figure 36-3. Hound or battered piers are often used to support wood posts. 


Figure 36-4 
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Earthquakes are caused by 
the rupture of geological fault 
lines deep below the Earth’s 
surface. Earthquakes occur sud- 
denly with little or no warning. 
Two types of forces—lateral and 
uplift—are involved in earth- 
quakes. Lateral forces produce 
longitudinal waves, resulting in 
a forward-and-backward motion. 
Uplift forces produce transverse 
waves, resulting in an up-and- 
down motion. 


BATTERED 
CONCRETE PIER 


Effects of Extreme Weather Conditions —— 1 


OVERTURNING 
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Figure 36-4. A building can be separated from its foundation by racking, sliding, or 
overturning. Lateral and uplift forces from earthquakes also affect buildings and their 
foundations. 


Unit 36 Types of Foundations 293 


To minimize damage due to 
extreme weather conditions, a 
building must be properly fas- 
tened to its foundation. Wood 
sill plates, also called mudsills, 
are fastened to the tops of foun- 
dation walls. Sill plates provide 
a nailing base for joists or studs 
resting directly over a foundation. 
Pressure-treated wood is recom- 
mended for foundation sills 
because of its superior resistance 
to decay and insect attack. Other 
decay- or insect-resistant lumber 
species, such as redwood, may 
be used. In residential and other 
light construction, foundation 
sills are usually 2 x 4s or 2 x 6s. 
Heavier construction may require 
4" thick or larger pieces. 

Sill plates are fastened to foun- 
dations using anchor bolts or 
metal connectors such as mud- 
sill anchors. Sill plates may also 
be fastened to foundations using 
heavy-duty concrete screws. 
Always refer to the construction 
specifications and local building 
code to ensure adherence to the 
building code. 


Fastening with Anchor * 
Bolts 


A common method of fastening 
sill plates to a foundation is us- 
ing anchor bolts, which are also 
known as J-bolts because of their 
shape. See Figure 36-5. Anchor 
bolts should have a 4%” minimum 
diameter. Information regarding 
anchor bolt size and spacing is 
usually found in section views 
of a foundation plan. 

Local building codes specify 
the minimum spacing and depth 
of embedment of the anchor bolts 
intothe fresh concrete. A common 
code requirement is that the bent 
end of an anchor bolt be embed- 
ded a minimum of 7" into rein- 
forced concrete. In unreinforced 
masonry, anchor bolts should pen- 
etrate 15". The code further states 
that anchor bolts must be spaced 
no farther apart than 6' OC, and 
that there must be a bolt within 
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12” of the ends of a sill plate. 
A short sill plate must have at least 
two anchor bolts spaced no more 
than 6’ apart. 


Figure 36-5. Anchor bolts are commonly 
used to fasten sill plates to foundation 
walls. In this example, floor joists rest on 
the sill plates. 


Sill plates may be secured to 
foundation walls immediately af- 
ter concrete is placed in the wall 
forms. See Figure 36-6. The plates 
are cut to length ahead of time 
and the holes are drilled. Anchor 
bolts are placed in the holes, and 
the nuts are started on the threads. 
Washers should always be used 


Setting and Leveling Sill Plates in Fresh Concrete 
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Figure 36-6 
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under the nuts. When concrete 
placed in the forms reaches the 
required height and is properly 
consolidated and leveled, the sill 
plates are pressed into the fresh 
concrete. At the same time, the 
bolts are tapped down using a 
wood block to prevent damage 
to the threads. The sill plates are 
then leveled and cleats are nailed 
across the form to hold the plates 
in place. When the concrete has 
hardened for several days, the nuts 
can be tightened. 

Another method used to fasten 
sill plates to foundations is to 
set the bolts in position before 
concrete is placed in the forms. 
An advantage of this method 
is that the anchor bolts can be 
hooked beneath the upper hori- 
zontal rebars, providing greater 
holding power. The anchor bolts 
are placed in templates, which 
allows the bolts to remain in a 
plumb position while concrete 
is being placed. The templates 
also keep the anchor bolts ex- 
tending the proper amount above 
the concrete. The templates are 
removed when the concrete has 
sufficiently set. See Figure 36-7. 
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Figure 36-6. Sill plates may be placed immediately after concrete is placed and the fresh 
concrete meets the required level in the wall form. In this example, the foundation wall 
forms consist of panels reinforced by studs and a top plate. 


Figure 36-7. Anchor bolts extend from the 
top of a foundation wall. Holes are drilled 
in sill plates and the plates are placed over 
the anchor bolts and fastened into position 
with washers and nuts. 
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After the concrete has set, holes 
are laid out and drilled in the sill 
plate. A layer of grout (mixture 
of sand, cement, and water) may 
be placed below the sill plates to 
provide a level and even base for 
the plates. In most situations, a 
foam sill sealer (sill gasket) may 
be installed to minimize air infil- 
tration along the sill plate. 


Fastening with Mudsill * 
Anchors 


Mudsill anchors are metal con- 
nectors used to fasten the sill 
plate to a foundation. Mudsill 
anchors are available in a vari- 
ety of designs. See Figure 36-8. 


ANCHOR STRAPS BENT 
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Always refer to the manufacturer 
instructions for proper installa- 
tion of mudsill anchors. When 
properly installed, some mudsill 
anchors provide greater strength 
than conventional bolts. 
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Figure 36-8. Mudsill anchors are used to fasten the sill plate to a foundation. 
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The material in which a 
mudsill connector is installed 
commonly determines the instal- 
lation method. When installing 
a mudsill anchor in a concrete 
foundation, the straps of the 
anchor are spread to accommo- 
date the width of the sill plate, 
and the hook is embedded in the 
concrete to a minimum depth of 
7”, When the mudsill anchor is 
installed in a concrete masonry 
unit (concrete block) founda- 
tion, the hook is embedded at 
least two courses deep. Holes are 
drilled in the sill plate to align 
with the straps, and the sill plate 
is placed in position after the 
concrete has properly set. The 
straps of the mudsill anchor are 
then spread and fastened to the 
sill plate. 

Foundation anchors are metal 
connectors that provide a solid 
connection between the founda- 
tion and structural members to 
resist uplift and lateral forces. See 
Figure 36-9. Foundation anchors 
are fastened to foundation walls 
using anchor bolts. The other 
ends of the anchors are attached 
to studs or joists using bolts, 
screws, or nails. Always refer 
to manufacturer instructions for 
proper installation procedures. 
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Retrofitting Existing 
Structures 

Older existing structures, includ- 
ing residential structures such as 
homes, may not be properly an- 
chored to foundation walls and 
may be subject to damage due 
to extreme weather conditions. 
The structures should be retrofit 
to strengthen the foundation-to- 
structure connection to provide 
greater resistance to wind and 
earthquake forces. 

If there is sufficient room in 
a basement or crawl space area 
to operate a drill, bolting the 
sill plate is the easiest and most 
economical means of fastening 
the sill plate to the foundation 
wall. A rotary hammer is used to 
drill holes through the sill plate 
and into the top of the founda- 
tion wall. The holes should be 
Ye" larger than the diameter of 
the anchor bolt, spaced 4’ to 6’ 
OG, and be at least 12” from the 
ends of the sill plates. Wedge- 
type stud-bolt anchors are then 
inserted into the holes and tight- 
ened in place. A nut and washer 
is placed over the threaded end 
of the anchor and sill plate and 
tightened. Threaded anchor bolts 
can also be secured into position 
using an epoxy adhesive. 
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Figure 36-9. Foundation anchors provide a solid connection between the foundation 
and structural members to resist uplift and lateral forces. 
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Bearing plates may be used 
instead of round washers when 
retrofitting existing foundation 
connections. Bearing plates are 
3” square steel plates with an ob- 
long hole in the middle to allow 
the plates to be adjustable in case 
the anchor bolt is not centered on 
the sill plate. Bearing plates sig- 
nificantly increase the strength of 
anchor bolt connections. 

If there is minimal room be- 
tween the foundation and top of 
the sill plate, foundation plates 
can be used to fasten the founda- 
tion to the side of the sill plate. 
A foundation plate is fastened to 
the foundation wall using anchor 
bolts and is fastened to the side 
of the sill plate using the proper 
screws. See Figure 36-10. 
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Figure 36-10. Foundation plates are used 
to fasten the foundation to the side of a 
sill plate. 


Fastening to Concrete Slabs 


When anchor bolts are used 
to fasten sill plates to concrete 
slabs, they are set in position as 
concrete is placed. The sill plate 
is set into position and the nuts 
on the anchor bolts are tightened 
after the concrete sets. 


Sill plates for interior framed 
walls are often fastened into 
position with a powder-actuated 
fastener. Concrete must be al- 
lowed to cure the appropriate 
amount of time prior to driving 
fasteners into fresh concrete. 


FOUNDATION SYSTEMS 


The main foundation systems 
are the crawl-space foundation, 
full-basement foundation, and 
slab-at-grade foundation. The 
primary difference between a 
crawl-space and full-basement 
foundation is the wall height. 
The slab-at-grade foundation fea- 
tures a concrete slab floor instead 
of a framed floor unit. 


Crawl-Space Foundations 


A crawl-space is a narrow space 
between the bottom of a floor unit 
and ground. See Figure 36-11. 
Crawl-space foundations are also 
known as basementless founda- 
tions. Local building codes usually 
specify a minimum crawl-space 
distance for buildings. A common 
minimum distance is 18" from 
the bottom of the floor joists to 
the ground and 12" between the 


8" MINIMUM 


ground and beams that support 
joists. Crawl-space foundations are 
often constructed with 2' clearance 
beneath the joists to provide easier 
access for plumbing, electrical, or 
other mechanical repairs. 


Full-Basement 
Foundations 


In a full-basement foundation, the 
foundation wall also serves as a 
basement wall. See Figure 36-12. 
The top of the foundation wall 
should extend at least 8" above 
finish grade. 

Foundation walls are usually 
7'-0" to 8'-0" from the floor slab 
to the bottoms of the joists. The 
walls must withstand the lateral 
pressure of the soil and be fully 
waterproof. 


Areaways. When basement 
windows are located below the 
finished grade level, areaways 
(window wells) are required. 
Areaway walls are constructed 
of sheet metal, concrete, hol- 
low concrete blocks, or brick. 
Areaways must project above 
the finished grade and below 
the bottom of the window. See 
Figure 36-13. 
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Figure 36-11. The area ofthe crawl space in a crawl-space foundation must comply with 
local building code requirements. 
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Figure 36-12. A full-basement foundation 
must have adequate clearance between 
the basement floor and ceiling. 
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Figure 36-13. Areaways are installed when 
window openings are located below fin- 
ished grade level. 


Slab-at-Grade 
Foundations 


In a slab-at-grade foundation, the 
foundation walls are combined 
with a concrete floor slab. The slab 
surface is level with the top ofthe 
foundation wall. In a slab-at-grade 
foundation, the floor slab receives 
its main support from the ground. 
Slab-at-grade foundations are not 
practical over steeply sloped lots 
or where the water table is near 
the ground surface. 

Concrete for slab-at-grade floors 
can be placed as concrete for the 
foundation walls is placed or the 
floors can be placed separately. 
Slab-at-grade floors can also be 
combined with grade beams and 
inverted T-shaped, rectangular, 
or battered foundation walls. 
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Foundations for * 
Sloped Lots 


Stepped foundations are used on 
a steeply sloped lot. Sections of 
the footings are shaped like steps 
and a foundation wall with a 
level top is constructed over the 
footings. A level foundation for 
a sloped lot would require more 
concrete and more excavation 
of the hillside than a stepped 
foundation. A stepped founda- 
tion may provide both a crawl 
space and a full basement. 

Stepped foundations require 
vertical (plumb) and horizontal 
(level) footings. See Figure 36-14. 
Many building codes require a 
2' minimum distance between 
one horizontal step and another. 
The vertical footing must be at 
least 6" thick and no higher than 
three-quarters of the distance 
between one horizontal step 
and another. 


Grade Beams. Grade beams are 
foundation walls that receive 
their main support from piers 
extending deep into the ground. 
See Figure 36-15. Grade beams 
are often used with stepped foun- 
dations erected on steeply sloped 
lots. Grade beams are also used 
on level lots where unstable soil 
conditions exist. 


CONCRETE MASONRY 
UNIT FOUNDATIONS 


Foundations constructed of con- 
crete masonry units (CMUs), also 
referred to as concrete blocks, 
are a common alternative to 
solid concrete foundations. 
CMU foundations are erected 
over cast-in-place concrete foot- 
ings. See Figure 36-16. Car- 
penters usually construct the 
footing forms. Wood- or light steel- 
framed walls are usually built over 
CMU foundations. 
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Buildings may be designed 
with CMU walls that extend 
above the foundation level and 
are used as the exterior walls 
of a building. Construction of 
the CMU walls is performed by 


bricklayers, while carpenters 
set, plumb, and brace wood or 
metal window frames and door 
jambs. See Figure 36-17. In gen- 
eral, metal frames and jambs are 
preferred in masonry walls. 


Stepped Foundation Formula 
— 7 A 


FOUNDATION 
WALL 


VERTICAL 
FOOTING — 6” 
THICK MINIMUM 
ON ALL VERTICAL 
FOOTING 
SECTIONS 


VERTICAL FOOTING 


HORIZONTAL FOOTING 


Figure 36-14. Building codes typically specify a formula for determining dimensions of 


stepped foundatíons. 
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Figure 36-15. A grade beam is supported by piers that extend deep into the ground. 


Figure 36-16. Bricklayers use hollow con- 
crete masonry units to construct masonry 
foundation walls. 


Figure 36-17. Carpenters plumb and brace 
window frames in masonry foundation 
walls. 


CMUS are made with a combi- 
nation of cement and lightweight 
aggregate, making them lighter 
in weight. CMUs are available 
in a modular shapes and sizes. 
CMUS used for foundations are 
commonly 7%” high and 15%” 
long. However, block size and 
web thickness vary, depending 
on the foundation wall require- 
ments. See Figure 36-18. 

CMUS are joined using mortar 
along the top, bottom, and sides. 
A 3" joint is typical for 798" x 
155%” blocks. Steel reinforcement 
may be required for high founda- 
tion walls. Vertical rebar is placed 
in the cores of the CMUs and the 
cores are filled with concrete. Hori- 
zontal reinforcement is achieved 
by notching the CMUs and placing 
rebar horizontally, or by placing 
metal ties between the courses. 


WOOD FOUNDATIONS * 


In some sections of North 
America, wood foundations, 
including all-weather wood 


foundations and permanent 
wood foundations, are consid- 
ered acceptable alternatives as 
foundation systems for residential 
construction. Wood foundations 
were researched and developed 
through a joint effort by the Na- 
tional Forest Products Association 
and the American Wood Preserv- 
ers Institute, and are approved by 
the U.S. Department of Housing 
and Urban Development (HUD) 
and a number of national and re- 
gional building code agencies. 
Wood foundations can be used 
to construct a full-basement or 
a crawl-space foundation. Load- 
bearing walls are framed with 
pressure-treated lumber. The walls 
are sheathed with pressure-treated 
APA plywood. See Figure 36-19. 
The lumber moisture content 
must be no more than 19% for the 
framing lumber and 18% for the 
plywood. Nails and other fasteners 
used must be corrosion-resistant. 
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Figure 36-19. A wood foundation wall is 
basically a stud wall with a top and bot- 
tom plate. Plywood sheathing is nailed to 
the exterior side of the wall, and the wall 
rests on 2" thick wood footing. 
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Figure 36-18. Concrete masonry unit size and web thickness vary depending on the 
foundation wall requirements. 
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Wood foundation walls are 
designed to withstand backfill- 
ing and vertical structural loads. 
The walls are basically a stud 
wall with a top and bottom plate. 
Studs are normally 2 x 6s spaced 
16" OC. Under conditions where 
greater soil pressures exist, 2 x 
6s are spaced 12" OC. Plywood 
sheathing is nailed to the exte- 
rior side of the stud wall. Wood 
foundation walls rest on a 2" thick 
pressure-treated wood footing or 
cast-in-place concrete slab. 


Preparing Sites for Wood 
Foundations 


Footings for a wood foundation 
must rest on firm soil and be 
below the frost line, as required 
for concrete footings. For a 
crawl-space wood foundation, 
gravel is placed where the foot- 
ings will rest. The thickness of 
the gravel bed must be at least 
three-quarters the width of the 
footing plate. The gravel helps 
distribute the load from the 
foundation wall to the underly- 
ing soil. See Figure 36-20. 


Southern Forest Products Association 

Figure 36-20. A section of a wood foun- 
dation is placed into position on a wood 
footing. Gravel has been spread below 
the footing. 
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For a full-basement wood 
foundation, a layer of gravel is 
also spread over the area where the 
concrete slab will be poured after 
the foundation walls have been 
completed. See Figure 36-21. 


Constructing Wood 
Foundations 


Wood foundation walls are built 
in sections. The sections may be 
constructed in a shop and deliv- 
ered to the job site or constructed 
on the site. The footing plates are 
placed on the gravel and leveled. 
The panels are set in the proper 
positions, aligned with a string 
to ensure plumb and level, and 
temporarily braced. Where wall 
sections are joined, caulk is ap- 
plied to the butting edges of the 


plywood. A waterproof 6 mil 
polyethylene film is placed on the 
outside of the wall areas that will 
be below grade. 

Moisture control is extremely 
important for wood foundations. 
All procedures described in Unit 
41 relating to concrete founda- 
tions should be referred to for 
wood foundations. The ground 
surrounding wood foundations 
should be sloped to allow surface 
water to drain away from the 
foundation. In some situations, a 
sump may also be required to col- 
Ject water, which can then flow 
through a drain and away from the 
foundation. Backfilling should not 
occur until concrete for the base- 
ment floor has been placed and 
floor joists have been installed. 


APA—The Engineered Wood Association 


Figure 36-21. The sections of a wood foundation wall are braced into proper position. 
The gravel bed will support a concrete slab and provides proper drainage of water that 


collects below the slab. 
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CONCRETE COMPOSITION 


Ancient Romans were the first 
to use a form of concrete in 
27 B.C. in the construction of 
buildings, roads, and aqueducts. 
Many ofthese structures are still 
standing. Concrete technology 
continued to evolve through- 
out the Middle Ages, when 
the Spanish introduced a type 
of concrete consisting of lime, 
sand, and aggregate (gravel, 
shells, and stones) mixed with 
water. Major developments 
in concrete occurred in the 
1880s, when portland cement 


Figure 37-1. Foundation forms are constructed by carpenters. This patented panel system 
of forming requires little bracing. 


was developed and refined, and 
steel reinforcement began to be 
used. Currently, approximately 
15,000,000 tons of portland 
cement are used annually for 
residential applications in the 
United States. 

Concrete is often used to de- 
scribe many building materials 
used in the construction indus- 
try. A common misconception 
is that concrete is the same as 
cement. Concrete is a mixture of 
portland cement, fine and coarse 
aggregate, and water. When wa- 
ter is added to portland cement 
and aggregate, a chemical reac- 
tion called hydration takes place, 
resulting in the hardening of the 
concrete. 


Figure 37-2. After the forms have been re- 
moved from the foundation, areaways are 
installed. Note the sill plate bolts extend- 
ing from the top of the foundation wall. 
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Portland Cement 


Portland cement is a mixture of 
limestone, shells, clay, silica, 
marble, shale, sand, bauxite, 
and iron ore that is ground, 
blended, fused, and crushed to 
a powder. Portland cement acts 
as the bonding agent in concrete 
when mixed with water. Joseph 
Aspdin, an English builder, de- 
veloped the modern process of 
manufacturing portland cement. 
The material was named portland 
cement because, after hardening, 
it resembled the natural lime- 
stone on the island of Portland 
near the coast of England. 

Limestone, which is the prin- 
cipal ingredient in cement, is 
obtained by aboveground or 
underground mining operations; 
it may also be dredged from de- 
posits covered by water. After 
limestone has been extracted 
from the ground, it is broken 
down, transported to a cement 
mill, and pulverized into a hard 
powder. The powder is mixed 
with other chemicals such as 
silica, iron oxide, and alumina. 
The combined ingredients are 
heated to 2600°F to 3000°F in 
a rotary kiln until they form 
small pellets called clinkers. 
The clinkers are ground to a fine 
powder. Gypsum, which affects 
the setting time (hardening) of 
the cement, is then added. 


Aggregate 

Aggregate is hard, granular ma- 
terial, such as gravel and sand, 
which is mixed with cement to 
provide structure and strength in 
concrete. Aggregate makes up the 
largest volume of material in con- 
crete. Fine and coarse aggregate 
are used in concrete. Fine aggre- 
gate is sand; coarse aggregate is 
gravel or crushed stone ranging 
in size from 1⁄4” to 1%” in diam- 
eter. Aggregate must be clean, 
hard, strong, durable, and be free 
from chemicals or coatings that 
may inhibit the bond between 
cement and aggregate. 
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Water 


The amount of water in a.con- 
crete mixture is a primary factor 
in determining concrete quality 
and strength. Too much water 
dilutes the cement paste, caus- 
ing the cement to separate from 
the aggregate and rise to the 
surface of the mixture. Separa- 
tion of the ingredients results in 
a weak concrete. Too little water 
results in poor mixing action of 
the cement and aggregate, again 
producing a weakened con- 
crete. Water used for a concrete 
mixture should be clean and 
free of oil, alkali, or acid. Water 
with a pH of 6 to 8 is suitable 
for a concrete mixture. The pH 
scale represents the pH level 
from 0 to 14, based on whether 
a solution is acidic, alkaline, or 
neutral. Most drinking water is 
satisfactory for mixing concrete. 
However, drinking water with a 
small amount of sugar or citrates 
is not recommended. 


CONCRETE MIXTURE 
VARIATIONS 


The proportions of cement, 
aggregate, and water vary ac- 
cording to the type of concrete 
mixture, or mix, needed for a 
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particular job. Figure 37-3 gives 
formulas for several concrete 
mixtures. The table also shows 
the maximum diameter of coarse 
aggregate for each concrete mix. 
The size of coarse aggregate used 
in a concrete mixture primarily 
depends on the rebar spacing 
and the wall thickness. Thin 
walls and walls with a large 
amount of rebar may require a 
concrete mixture with smaller 
aggregate. 

Although engineers or con- 
crete field specialists usually 
calculate concrete mixture pro- 
portions, print specifications 
often stipulate the minimum 
cement content in relation to the 
lowest water-cement ratio. The 
water-cement ratio largely deter- 
mines the compressive strength 
of concrete. In addition, the size 
and amount of coarse and fine 
aggregate and types of admixtures 
(added ingredients) are often 
indicated in print specifications. 
For smaller concrete structures, 
such as residential foundations, 
local building codes may also 
furnish compressive strength 
and aggregate size information. 
Another source of information 
is local batch plants that produce 
ready-mixed concrete. 
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Figure 37-3. The proportions of the ingredients deterinine the compressive strength and 
other properties of concrete. The pie chart illustrates the cubic foot quantities of the first 


concrete mixture listed in the table. 


DELIVERING CONCRETE 


Small amounts of concrete can 
be mixed by hand or with small 
mechanical mixers. For the large 
amounts required for most con- 
struction projects it is standard 
practice to use ready-mixed con- 
crete. Ready-mixed concrete is 
prepared to specification at a 
batch plant and delivered to a job 
site by truck. 

The estimated amount of con- 
crete required for a job is ordered 
from a batch plant by the cubic 
yard. (One cubic yard equals 27 
cubic feet.) In Canada, concrete 
may be ordered by the cubic me- 
ter. Automatic controls ensure 
the proper proportions of cement, 
aggregate, and water. If a job site 
is a short distance away, water is 
added at the plant. If the job site 
is a long distance away, water is 
added en route or upon arrival at 
the site. Under normal conditions, 
concrete must be discharged from 
a truck within 1% hours after wa- 
ter has been added. 

Various kinds of trucks are used 
for delivering concrete, but a tran- 
sit-mix truck is most often used. 
See Figure 37-4. A transit-mix truck 
is equipped with a large revolving 
drum operated by an auxiliary 
engine. The drum rotates to mix 
the concrete en route to the job site. 
Drum capacities range from 1 to 12 
cu yd. A transit-mix truck also has a 
water tank so water can be added to 
the concrete mixture if necessary. 


PLACING CONCRETE 


Concrete is not a liquid; therefore, 
technically, it is placed rather 
than poured. However, concrete 
placement is commonly referred 
to as the concrete pour. 

Concrete is placed at or below 
ground level by chuting it directly 
from a transit-mix truck ifthe truck 
is able to maneuver close enough 
to the forms. Another method of 
placing concrete is using a concrete 
pumping apparatus. A transit-mix 
truck deposits the concrete into 
the pumping apparatus, which in 


turn pumps the concrete through 
hoses supported by a boom. See 
Figure 37-5. Concrete can easily 
be placed in remote locations us- 
ing a pumping apparatus. 
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Figure 37-4. Concrete is usually delivered 
to a job site in a transit-mix truck. The 
chute extending from the back of the 
truck directs the concrete to the proper 
location. 


Figure 37-5. A concrete pump is commonly 
used to place concrete in hard-to-reach 
locations. 


Concrete should be deposited 
as Close as possible to its final 
location to avoid mixture seg- 
regation. Mixture segregation 
occurs when coarse aggregate 
is separated from the remaining 
concrete mixture as the concrete 
is moved from one location to 
another. Concrete should not 
be discharged in one corner or 
placed in high piles and then 
moved to another location and 
leveled. Rather, concrete should 


be discharged from different po- 
sitions until an even 12” to 20” 
thick lift (layer) has been placed 
in the entire form. The proce- 
dure is repeated until enough 
concrete has been deposited to 
fill the form. 

As concrete is placed, it should 
be consolidated using a tamping 
rod or mechanical vibrator to 
remove air pockets and create a 
close arrangement of solid par- 
ticles in the concrete. Concrete 
that is not properly consolidated 
may have honeycombing or other 
defects. Honeycombs are open 
spaces in the concrete caused by 
trapped air pockets during con- 
crete placement. 

A tamping rod is a straight 
steel rod with a circular cross 
section and rounded ends that 
is moved up and down by hand 
as concrete is being placed in a 
wall form. Mechanical vibrators 
are used to consolidate concrete 
in wall forms and slab forms on 
larger construction projects. Me- 
chanical vibrators generate high- 
frequency vibrations which are 
transmitted through the concrete. 
See Figure 37-6. A jitterbug, or 
tamper, is a long-handled tool 
device with a steel grid base. 
A jitterbug, commonly used for 
concrete slabs, forces coarse ag- 
gregate below the surface, allow- 
ing the cement paste to rise to the 
surface for finishing. 


Figure 37-6. Mechanical vibrators are 
used to consolidate concrete after it is 
placed. 
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CURING CONCRETE 


Concrete hardens because of a 
chemical reaction called hydra- 
tion that occurs between the 
water and cement in a concrete 
mixture. Hydration begins as 
soon as water and cement are 
combined. If water in a mix- 
ture evaporates too quickly, the 
hydration process will end be- 
fore the concrete attains its full 
strength. Rapid water loss may 
also cause the concrete to shrink 
and crack. 

Curing is the process of main- 
taining concrete moisture long 
enough to allow proper hydra- 
tion to occur. Under normal 
conditions, concrete walls are 
cured by allowing wall forms to 
remain in place for a sufficient 
period oftime (usually three days 
to a week) after the concrete has 
been placed. During hot and dry 
weather, wall forms should be 
dampened by sprinkling them 
with water. Floor slabs are more 
difficult to cure than walls. Floor 
slabs may need to be misted or 
flooded with water, covered with 
water-soaked burlap or poly- 
ethylene film, or sprayed with 
chemical sealing compounds. 
See Figure 37-7. 
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Figure 37-7. A concrete slab-at-grade floor 
is covered with water-soaked burlap to 
keep concrete moist during curing. 


The first three days after 
concrete is placed are the most 
critical to concrete quality since 
concrete is most vulnerable to 
damage during this time. Con- 
crete reaches about 7096 of its 
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strength after being in place for 
7 days. At 14 days, concrete 
achieves approximately 8596 
of its strength. Under normal 
conditions, maximum strength 
is reached at 28 days. Special 
considerations such as unusual 
weather conditions, size of 
the structural members, and 
mixture proportions may make 
it necessary to allow a longer 
curing period. 


REINFORCED CONCRETE 


Two different kinds of pressure 
are exerted on a foundation 
wall—vertical and lateral. See 
Figure 37-8. Vertical pressure is 
exerted on a foundation by live 
and dead loads, including the 
weight of the structure, furniture, 
and appliances. Lateral pressure 
is exerted on a foundation by 
the soil. A wall made of concrete 
has a great deal of compressive 
strength, which is its ability to 
hold up under vertical pressure. 
However, concrete has far less 
resistance to lateral forces, which 
push against the wall sides. 

Reinforced concrete is used 
to help resist lateral forces. Re- 
inforced concrete is a concrete 
mixture in which tensile mem- 
bers, such as rebar, welded wire 
reinforcement, or plastic or steel 
fibers, are placed in the concrete 
to improve resistance to lateral 
pressure. 


Vertical vs Lateral Pressures on Fountain Walls 


| Figure 37-8 EE 
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Figure 37-8. Concrete has greater resistance to vertical pressure than lateral pressure. 


Rebar x 


Rebar is a deformed steel bar with 
ridges on the surface to allow the 
bars to interlock with concrete. 
Rebaris positioned insidethe form 
walls before concrete is placed, 
and may be positioned vertically, 
horizontally, or a combination of 
both positions. Rebaris commonly 
tied to metal form ties or other rebar 
using lightweight wire. See Figure 
37-9. Solid fiberglass reinforcing 
bar may be used instead of steel 
rebar. Fiberglass reinforcing bar 
has the same tensile strength as 
steel rebar, but will not rust. 

Rebar is identified by numbers 
from #3 through #18. The bar di- 
ameter is determined by multiply- 
ing the number designation by !4". 
For example, a #4 bar is %”, or V" 
(4 x V&" = 4&"). Rebar size, place- 
ment, and spacing are shown on 
the foundation plan. 

Masonry walls may be rein- 
forced with rebar. Vertical rebar 
is placed in the cores of concrete 
masonry units (CMUs) and the 
cores are filled with concrete. 
In seismic risk zones, vertical 
rebar extends from the concrete 
footing and is tied to horizontal 
rebar. The CMUs’ cores are filled 
with concrete as the wall is being 
constructed. Horizontal reinforce- 
ment is achieved by notching the 
CMUS and placing rebar hori- 
zontally, or by placing metal ties 
between the courses. 


Figure 37-9. Rebar is placed in foundation 
wall forms to provide resistance against 
lateral pressure. 


Welded Wire 
Reinforcement 


Welded wire reinforcement (WWR), 
or welded wire fabric, is heavy- 
gauge wire joined in a grid and 
commonly used to reinforce con- 
crete slab-at-grade floors, side- 
walks, and driveways. WWR helps 
prevent cracks in the concrete 


from occurring later due to settle- 
ment. WWR is identified by the 
wire spacing and cross-sectional 
area of the wires. See Figure 37- 
10. For example, 6 x 6—W1.4 x 
W1.4 refers to WWR with 6” wire 
spacing that is constructed with 
wire having a cross-sectional area 
of .014 sq in. 

WWR is available in sheets 
and rolls. The WWR is laid in 
position before the concrete is 
placed. See Figure 37-11. 


Figure 37-11. Welded wire reinforcement 
is positioned prior to concrete being 
placed. 


Fiber-Reinforced Concrete 


Fiber-reinforced concrete (FRC) is 
concrete reinforced with plastic 
or steel fibers, which minimize 


shrinkage cracking and increase 
tensile strength. See Figure 37-12. 
Fibers can be used as the sole 
reinforcement or they can be 
used in combination with rebar 
and WWR. 

Plastic and steel fibers are 
available in various lengths and 
diameters, ranging in length 
from 14" to 217". Short fibers are 
commonly used for thin-wall 
applications. Longer fibers are 
used for thick slab-at-grade floors. 
Orientation of the fibers in the 
mixture is generally random. 


Figure 37-12. Plastic fibers may be added 
to a concrete mixture to provide greater 
tensile strength. 
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Figure 37-10. Welded wire reinforcement is available in various wire diameters and spacings. 
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arious methods are used 
for foundation form con- 
struction. All methods 
require sheathing, studs and/or 
walers, bracing, and a means of 
tying the form walls together. 
See Figure 38-1. 

Since forms are temporary 
structures, the forms should be 
constructed for easy disman- 
tling. Duplex nails are used 
wherever practical since they 
can be quickly removed. Sheath- 
ing is fastened to stakes or studs 
with just enough nails to hold it 
in place. An adequate number of 
braces and ties should be used 
to keep the walls aligned and 
in place. 


SHEATHING 

Various panel products may be 
used for form wall sheathing, 
including high density overlay 
(HDO) plywood, Plyform®, and 
fiber reinforced plastic (FRP) 
plywood. Plyform is manufac- 
tured specifically for concrete 
form construction. Plyform pan- 
els are available in 4’ x 8’ sheets 
and 96", 34", 118”, and 14” thick- 
nesses. HDO plywood, Plyform, 
and FRP plywood can be reused 
many times. 
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Forming Methods 
and Materials, 2 


_Stud and Double Waler Foundation Wall Form 


"kc ons 


| Figure 38-1 - 
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Figure 38-1. Concrete formwork consists of sheathing, studs and/or walers, and bracing. 
Note the use of corner ties to lace the walers together. 


Spread footings for inverted 
T-shaped foundations are usually 
formed with 2" thick planks. See 
Figure 38-2. Planks are also used 
to form foundation walls in some 
forming systems. 


Figure 38-2. Spread footings are commonly 
formed with 2” thick planks. 


FRAMING AND BRACING 
MATERIALS 


A wall form is subjected to great 
pressure when concrete is placed. 
The pressure increases as the wall 
height increases. A fast concrete 
placement rate also places a greater 
strain on the forms. 


E ü ir 


An area must be properly excavat 


ed before foundation forms are constructed. 


Walers, or wales, reinforce and 
stiffen foundation wall forms. 
Walers run horizontally and are 
toenailed to studs, which run 
vertically. For some applications, 
walers are fastened directly to the 
sheathing. The distance between 
walers depends on the thickness 
and height of the wall. 

When 34" panels are used to 
form low walls, studs or stakes 
are usually spaced 2’ apart. 
Higher walls may require a spac- 
ing of 16" or 12". 

Proper bracing is required to 
hold wall forms in position 
while concrete is being placed. 
One end of a brace is fastened 
to studs or walers and the other 
end is usually nailed to a stake 
driven into the ground. 

Lumber used for walers, studs, 
and bracing is usually cut from 
2 X 4s. Structural light framing 
lumber or another good grade of 
softwood lumber should be used. 
Metal stakes may be used instead 
of wooden stakes to hold the 
forms in place. See Figure 38-3. 


EU 


| The required plywood form thickness. 
" and size and spacing of framing 
depend on the maximum load. ha 


Figure 38-3. Heusable metal stakes may 
be used to hold planks in position. Duplex 
nails are driven through the holes pro- 
vided in the stakes and into the planks. 


TIES 


Form walls must be tied together 
so they will not shift during con- 
crete placement. Small form walls 
may be tied together by braces 
and wood cleats. See Figure 38-4. 
Larger walls require metal ties 
to hold the form walls together 
and maintain the proper spacing 
between the walls. 


Figure 38-4. Braces and wood cleats are 
sufficient to tie low foundation form walls 
together. 

Figure 38-5 shows plank form 
walls tied together with steel 
wedge form ties. Figure 38-6 
shows a system of snap ties and 
steel wedges used with single 
and double walers. Spreader 
cones maintain the correct spac- 
ing between the form walls. 
Buttons at the ends of the snap 
ties hold the steel wedges that 
are driven behind the walers. 
Breakbacks are grooves behind 
the spreader cones. After forms 
are stripped from foundation 
walls, the portion of the snap tie 
that protrudes from the wall is 
snapped off at the breakbacks. 
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STEEL WEDGE 


Figure 38-5. Wedge ties are used to tie low 
form walls together. 


JOB-BUILT FORMS 


The oldest method of form con- 
struction is the job-built meth- 
od. See Figure 38-7. Form walls 
may be sheathed with panels or 
planks. When 2" thick planks are 
used as sheathing, walers are not 
required and studs and stakes 
may be placed farther apart. 


e 


Job-Built Foundation Wall Forms 
Media Clip 


PANEL FORMS 


Many carpenters and contractors 
consider panel forms a more effi- 
cient method of form construction 
than built-in-place forms. Panel 
forms consist of studs and top and 
bottom plates nailed to a 4' x 8' 
panel. See Figure 38-8. When the 
sections are set in place, the end 
studs are fastened to each other 
with duplex nails. 

Snap ties are laid out horizontally 
at 2-0” OC. Vertical tie spacing 
depends on wall height and concrete 
placement rate. The first tie of the 
horizontal layout must clear the 
adjoining wall when doubled and 
then continue 2-0" OC. 
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Forms Using Snap ` Ties and Snap Brackets _ e : 


| Figure 38-6 
ncn me cam m PANEL SHEATHING 
SINGLE SINGLE 
WALER WALER 
SNAP SNAP 
BRACKET BRACKET 


SNAP TIE 


SPREADER 
CONE 


SNAP TIES WITH SINGLE WALERS HOLDING SHEATHING 


STUD 


DOUBLE 


WALER WALER 


me 


BREAKBACK 


/ 
SPREADER 


CONE PANEL SHEATHING 


SNAP TIES WITH DOUBLE WALERS AND 
VERTICAL STUDS HOLDING SHEATHING 


Figure 38-6. Snap ties and steel wedges are commonly used to hold form walls together. 
Spreader cones set the walls to the correct width. The buttons at the ends of the ties hold 
steel wedges that are driven behind the walers. Snap ties are designed for both single-waler 
and double-waler systems. Breakbacks are grooves behind the spreader cones. After the 
forms are stripped from the foundation wall, sections of snap ties protruding from the 
wall are snapped ojf at the breakback points when bent back and forth. 


ECO-Block, LLC 
Insulating concrete forms (ICFs) may be used to form residential and commercial 
foundations. 


Job-Built Foundation Wall Forms. 
| Figure 38-7 : 


SNAP TIES 


TEMPORARY INSERTED æ PANEL SHEATHING 
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BOTTOM PLATE 
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4 FOOTING 
» KEYWAY STUDS 
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"BUILDING LINE (INSIDE FACE OF PANEL SHEATHING) REBAR ^ 
o Fasten bottom plate to concrete footing. Oo Drill snap tie holes. 


o Toenail studs to bottom plate. Tie studs together with O Insert snap ties through holes and between walers. 
temporary brace. 


© Apply sheathing to inner face of studs. 


Figure 38-7. Foundation wall forms are constructed over footings. A bottom plate is fastened to the concrete. Studs are set up, temporarily 
tied together, and braced. Sheathing is then applied to the inner face of the studs. The walers are then placed. 


Panel forms can be constructed in 
the shop or on the job. Panel forms 
are convenient for use in housing 
developments where one founda- 
tion design is repeated. The panel 
form sections can be reused after 
being stripped from the foundation 
walls. Tie holes are patched with 
small pieces of sheet metal. Pat- 
ented wood and metal panel forms 
can be rented or purchased. 


Maximum concrete pressure on 
the forms is affected by several 
factors, including concrete 
temperature, placement rate, 
concrete slump (consistency), type 
of cement, concrete density, 
method of vibration, and height 
of the forms. 


s may be formed by excavating a trench. Rigid 
of the footing and beneath the outer edge 
his slab to provide radiant heat for the 


Footings for slab-at-grade foundation 
insulation is placed along the outer edge 
of the slab. Plastic tubing is installed in t 
structure. 
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Foundation Wall Form Using Panel Form Systems __ 


. Figure 38-8 
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Figure 38-8. Panel sections are constructed in the shop or built on a job site. The sections can be reused many times. 


Figure 38-9 shows lightweight 
aluminum forms. Round stakes 
driven through holes in the alumi- 
num sections hold them in place. 
Wedge locks at the stakes allow 
each section to be positioned at the 
proper height. Figure 38-10 shows 
a lightweight aluminum panel 
system for foundation walls. 


Western Porn Inc. 


Figure 38-9. Reusable aluminum forms 
are secured in position using round stakes 
driven through holes along the edges. 
Wedge locks at the stakes allow the height 
of each form section to be adjusted. 
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Figure 38-10. Lightweight m form 
panels were used to form this basement 
foundation wall. Some of the panels are still 
in place on the wall at right. 


DOOR AND WINDOW 
OPENINGS 


Full-basement concrete founda- 
tions often have windows and may 
also have a door to provide access 
from the outside of the building. 
Preparations must be made for 
door and window openings when 
the forms are built. In most cases, 
finish metal window frames and 
door jambs are installed in the form 
walls and secured in place with 
temporary fasteners. Brackets at- 
tached to the outside of the frames 
extend into the concrete when it 


is placed. The brackets hold the 
frame in a permanent position in 
the wall when the concrete has set 
and hardened. 


ML E the. acad Semet] 
| Code, habitable spaces and 
beelrosmi 7 in a basement must 

` have at least one openable — 

, emergency Gen Au rescue. 
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Another method to allow for 
door or window openings is to 
construct a well-braced frame 
called a buck, which is set in 
place and fastened to the outside 
form wall with duplex nails. See 
Figure 38-11. After the inside 
form walls are placed, duplex 
nails are driven through the 
inside form walls into the buck 
frame. Bucks may be removed 
when the concrete has set and the 


form walls have been stripped 
from the wall. 


CertainTeed Corporation 


Figure 38-11. Bucks are installed between 
wall forms to create door and window 
openings in the concrete. 


Two types of bucks may be 
used to frame door or window 
openings. One type, used for 
stucco finish, is recessed between 
the forms flush with the edges 
of the rough opening. Another 
type is a flanged buck that al- 
lows window or door trim to be 
attached directly to the outside 
buck flange. 

There are several ways to fas- 
ten finish frames into a door or 
window opening. Finish frames 
may be attached to the openings 
with powder-actuated fasteners. 
Another method is to drive bolts 
or screws into expansion anchors 
installed in the concrete. 
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INVERTED T-SHAPED 
FOUNDATION FORMS 


Inverted T-shaped foundations 
are used for full basements or 
crawl spaces. Spread footings 
of inverted T-shaped founda- 
tions provide good load-bear- 
ing on all types of soil. The 
forming procedure used for 
inverted T-shaped founda- 
tions depends on the climate, 
soil condition, and height of 
the foundation walls. For low 
inverted T-shaped foundations, 
concrete for footings and walls 
is placed at the same time, 
or monolithically. For high 
inverted T-shaped foundations, 
concrete for footings and walls 
is placed separately. 
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Foundation . 
Designs — Form; 
Construction 


Footings 

Where the soil condition is firm 
and stable, footing forms may not 
beneeded. Instead, a trench is dug 
to the width and depth of the 
footing and concrete placed di- 
rectly in the trench. See Figure 
39-1. Where the soil condition 
is unstable, a footing form is 
built using 1” or 2" lumber. See 
Figure 39-2. With 2" lumber, 
stakes are placed farther apart 
and less bracing is required. A 
procedure for constructing footing 
forms is shown in Figure 39-3. 


Figure 39-1. Concrete for footings may 
be placed directly in the trench when 
firm and stable soil conditions exist. 


Figure 39-2. Footing forms may be required on one or both sides to contain concrete 
when the soil condition is unstable. 


Constructing Concrete Footing Forms 
Figure 39-3 ee ae ane a 


DROP PLUMB 
BOB FROM 
BUILDING LINES 


— A DRIVE BUILDING 


Cp Drop plumb bob from building lines. Drive building corner stakes and place nails 
to establish exact corners of building. 


o Measure back from the building corner stake nail the distance the edge of the 
footing will project beyond the foundation wall, plus the thickness of one form 
board. This will be distance X. Drive two footing corner stakes. 


FOOTING FORM 
CORNER STAKE 


FOOTING FORM 
CORNER STAKE 


FOOTING FORM 
STAKES 


T à; æ J | 


e Mark top grade of footing at all footing form corner stakes. Stretch line between 
corner stakes and align and drive intermediate form stakes. 


o Nail form boards to corner and intermediate form stakes. 
CUT SPREADER TO FOOTING 


5 WIDTH PLUS THICKNESS 
OF ONE FORM BOARD NAIL CLEATS 


LEVEL TOP OF 
INSIDE FORM 


[0 


Cut spreader to width of footing plus thickness of one form board. Drive form 
Q stakes for inside footing form. 


Level across to establish top of inside form board. Nail cleats to tie outside and 
Q inside form boards together. 


Figure 39-3. When constructing footing forms, 1 
required when 2" lumber is used. 


^or 2" lumber is used. Fewer stakes are 


Keyways. Immediately after the 
concrete has been placed, cham- 
fered pieces of 2 x 4s called key 
strips may be pressed into the 
concrete toward the center of 
the footing. When the pieces are 
removed after the concrete has 
set, a groove called a keyway has 
been formed in the concrete. See 
Figure 39-4. A keyway helps to 
secure the bottom of a founda- 
tion wall to the footing. 


Reinforcing Steel. In seismic 
risk areas, rebar (reinforcing 
steel) are positioned in footing 
forms before concrete is placed. 
Vertical rebar project out of the 
footing forms and are later tied 
to rebar placed in the founda- 
tion wall. See Figure 39-5. 
Concrete is placed after footing 
form construction is completed, 
rebar positioned, and provisions 
made for keyways. 
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Rebar consists of steel rods 
containing lugs (protrusions) 
that allow the rebar to interlock 
with the concrete. Refer to floor 
plans and elevations when 
placing vertical rebar in footings 
so rebar is eliminated at door 
openings and are appropriate 
height at window openings. 


Walls 


Form walls are erected after 
concrete for the footings has 
hardened and set. Bottom plates 
are fastened to the fresh (green) 
concrete as a base for the outside 
form walls of either job-built or 
panel forming systems. 

Except in the case of low form 
walls, rebar is usually installed 
after the outside form walls are 
set in place. See Figure 39-6. 
When the rebar has been in- 
stalled, the inside form walls 
are constructed. When a large 
amount of reinforcing steel is 
required, the steel is typically 
placed by reinforcing-metal 
workers. 
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Figure 39-4. A keywoy helps to secure the bottom of o foundotion woll to the footing. 
Note the droin tile ploced oround the outside of the footing. 


Figure 39-5. Hebor projecting from the 
footing will be tied to reinforcing steel in the 
foundation wall. The rebor are temporarily 
copped to ensure worker sofety. 


— an Cree at 


Figure 39-6. Outside form panel sections are foste 


Rebar should be clean and free 
of loose rust and other debris, 
form oil, and form-release oil 
when installed in forms. Rebar 
must be positioned and secured 
in place so it will be covered by 
an adequate layer of concrete. 
Rebar is typically fastened to 
adjacent rebar using wire ties. 

Preparations must be made 
for door and window openings 
when the form walls are built. 
Finish window frames and door 
jambs may be attached to the 
form walls. Door or window 
bucks are attached to the form 
walls if finish frames and jambs 
are not installed. 
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ned to the top of the footing. Note the 


snop ties projecting from the ponels ond the rebor ot the bock woll. 
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A traditional double-waler 
outside wall is shown in Figure 
39-7. A procedure for building a 
single-waler panel wall form for 
an inverted T-shaped founda- 
tion is shown in Figure 39-8. 


p 


BR 


Figure 39-7. A double-waler wall system is 
commonly used to form high foundotion 
wolls. 


Bucks in direct contact with” 
concrete must be pressure- 
treated or wrapped. — 


Patented panel systems are 
widely used in the construction 
of foundation walls. Patented 
panel systems generally consist 
of panel sheathing set in metal 
frames. See Figure 39-9. De- 
pending on the manufacturer, 
the panel sections are secured 
to each other with wedge bolts 
or clamps. When wedge bolts 


are used to secure the panel sec- 
tions together, one wedge bolt is 
inserted in a slot provided in the 
side rails and the other wedge 
bolt is inserted in a slot in the first 
wedge bolt. See Figure 39-10. 
Many patented panel systems 
are aligned and secured with 
wood braces, which are equipped 


Figure 39-8 


| SHEATHING 


| 


(PLUMB AND BRACE 
PANEL SECTION 


o Set first outside panel section in place 


and nail bottom plate to concrete. 


Plumb and brace panel section. Set 
© rest of outside panels for the wall, 
bracing where necessary. 


© Toenail single walers to back of 
outside panel studs. 


Figure 39-8. Foundation wall forms are fas 


Building Foundation Walls on Spread Footings — 


with metal turnbuckles on their 
upper ends. The turnbuckle is 
secured to the panel with wedge 
bolts or duplex nails. See Figure 
39-11. The lower end of each brace 
is nailed to a wood or metal stake 
driven into the ground. Panels are 
then adjusted to the proper posi- 
tion by turning the turnbuckle. 


FATTER 


| plywood panels have resin-treated 
fiber overlays bonded to plywood -- 
with waterproof glue under heat 
and pressure. HDO plywood 

concrete forms can be reused 20 | 

| to 50.times-if properly maintained.” 


“High density. overlay. 


NS 


SOF FOUNDATION 
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Ns 
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Double up walls. Holes for snap ties 
are laid out and drilled for each inside 
panel before it is set in place. Snap 
ties are fed into holes as each inside 
panel is tilted into place. 


Set panel sections and walers for 
© adjoining outside walls. 


When all outside walls have been 
constructed, align walls with line and 
test blocks. Add braces where neces- 
sary. Drive clamps over button ends. Toenail single walers to inside studs 
and drive clamps over button ends of 


Lay out and drill holes for snap ties. the snap ties. 


Insert snap ties through the holes. 


tened to a spread footing using concrete nails. The outside form wall is constructed first 


and properly braced. Snap ties are then inserted through the panels, and the inside form wall is constructed and braced. When laying 


out snap tie holes (step 7), ensu 


re the snap ties clear the adjoining doubled wall. 
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Figure 39-9. Patented panel systems consist of panel sheathing set in metal frames. 


Figure 39-10. Wedge bolts secure panel 
sections together. One wedge bolt is 
inserted in a slot in the side rails and 
another wedge bolt is inserted in a slot in 
the first wedge bolt. 


Figure 39-11. This patented panel system 
uses wood braces with metal turnbuckles 
that are secured to walers with duplex 
nails. 


316 CARPENTRY 


After form walls have been 
set for one side of the wall form, 
wire ties or snap ties are inserted 
into holes in the panels. Some 
patented forms have dadoed slots 
in the side rails for wire ties. See 
Figure 39-12. Wire ties or snap 
ties properly space and hold to- 
gether opposite form walls. 

For many patented panel sys- 
tems, walers are required only 
at the upper section of the form 
walls. The lower ends of the 
form walls are secured to the 
footing. Figure 39-13 shows 
a double-waler snap tie-and- 
clamp system. 


Figure 39-12. Wire ties space and hold 
together opposite wall forms. 


Monolithic Inverted 
T-Shaped Foundations 
When low walls are required for a 
crawl-space foundation, the wall 
and footing forms may be built as 
one unit. Since the concrete for 
the walls and footings is placed 
at the same time, the foundation 
is called a monolithic founda- 
tion. An advantage of monolithic 
foundations is that there is no 
possibility of moisture seeping 
through a cold joint afterwards. 
A cold joint occurs where the 
concrete for a foundation wall 
is placed over the hardened 
concrete of a footing. 


Figure 39-13. Walers are placed toward the top of a patented panel wall form with a 


snap tie-and-clamp system. 


Figure 39-14 shows a mono- 
lithic inverted T-shaped foun- 
dation form built over a trench. 
Forms are not required for the 
footings since the trench sides 
form the footing. Figure 39-15 
shows the forming procedure 
used when soil conditions 
require footings to be formed 
along with the wall. 


Establishing Height of Pour 


Concrete is placed in a form un- 
til it reaches the level required 
for the top of the foundation 
wall. When forms are con- 
structed to the actual height of 
the finished foundation wall, 
the concrete is struck off when 
it reaches the top of the forms. 
However, form walls are often 
higher than the level required 
for the foundation. When this 
occurs, a builder's level is used 
to establish elevation points at 
intervals and at all corners of 
the form. Lines are snapped and 
a narrow strip of wood called a 
pour strip is tacked above the 
line. See Figure 39-16. When 
the concrete is placed to the 
proper level, the pour strip is 
removed. 


Monolithic Inverted T-Sha ped Foundation 
Figure 39-14 eque Z 


DRIVEN FLAT 
METAL STAKES 


AC TOP HOLE FOR” 
-N STAKE PULLER 
| TO REMOVE — 
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METAL STAKES CLEAT 


Figure 39-14, When firm and stable soil conditions exist, footing forms are not required 
for monolithic inverted T-shaped foundations. The flat metal stakes are pulled out when 
the concrete begins to set. 


Loo ou 


Double walers are secured in place with waler brackets, which are attached to siderail holes. 
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Monolithic Inverted T-Shaped Foundation 
_Requiring Footing Forms 
Figure 39- 15 4 a 


 PLYFORM - 
SHEATHING 


(1) Stretch line for outside row of footing form stakes. Stakes should be spaced 
4'-0" OC. 


o Align stakes along stretched line and drive them into ground. 


o Establish level marks on two end stakes with builder's level or transit-level. Snap 


level chalk line on the other footing form stakes. 


l4) Set top of outside footing form board even with chalk line and nail it to stakes. 
Ensure board is level and at correct height. 


(5) Construct panel sections using panel sheathing nailed to frames. 


Position panels on top of footing form board. Drive nails through stakes into 
panel frame. 


Q After outside form walls are completed, construct inside walls. Use temporary 
spreader and metal spacer at top and bottom to maintain correct widths at 
footing and wall. Spreader is removed when placing concrete. 


© Tie panel walls together with cleats nailed across panel top frames. 


Figure 39-15. When unstable soil conditions exist, footing forms are required for 
monolithic inverted T-shaped foundations. Different wall thicknesses require other sizes 


of framing materials. 
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| CHAMFERED POUR STRIP 
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FLUSH TO BOTTOM! 
OF POUR STRIP | 
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Figure 39-16. À pour strip tacked to one 
side of a form indicates the height to which 
the concrete will be placed. The chamfer 
prevents concrete from breaking along the 
edge. Grade nails may be installed instead 
of a pour stop. 


RECTANGULAR AND 
BATTERED FORMS 


Rectangular or battered founda- 
tion walls may also be used to 
provide support for a building. 
Rectangular foundations are 
often used as grade beams. Bat- 
tered foundations are sometimes 
used with crawl-space and slab- 
at-grade foundations. 

Rectangular and battered forms 
can be constructed using job- 
built forms or patented panel 
systems. Components used to 
construct rectangular and bat- 
tered forms, such as stakes, 
sheathing, walers, and bracing, 
are the same as the components 
used for inverted T-shaped 
foundations. The wood or metal 
stakes holding the sheathing are 
driven directly into the ground. 
Where hard soil makes stake 
driving difficult, bottom plates 
are set on the ground and held 
in position with steel dowels 
driven through holes bored in 
the plates. See Figure 39-17. If 
a footing is not required, a con- 
crete skimcoat, or mudslab, may 
be placed to maintain exposed 
excavation surface conditions 
and to provide a clean surface 
for formwork layout. A forming 
method for battered foundations 
is shown in Figure 39-18. 


Rectangular 
Foundation For 
Figure 39-17 g 


INTO SOFT SOIL 


TTOM PLATE 
TO HARD S 


'INN 
OIL 
Figure 39-17. Where suitable soil conditions 
exist, rectangular forms can be constructed 
with stakes driven directly into the ground. 
In hard soil, bottom plates are pinned to 
the ground with steel dowels. 


Battered Foundation Forms 
Figure 39-18 |-———-- 


eee 


Figure 39-18. This battered foundation has a plumb outside wall and the inside wall 
slopes to provide a wider base against the ground. The plumb wall is built first. Upper and 
lower spreaders position the sloped wall so stakes can be driven at the proper angle. 


PIER FORMS 


Piers are circular, square, or 
battered footings used as a base 
for wood posts or steel columns, 
which are placed under beams 
to support the floor and wall 
units of a building. Regardless 
of the pier shape design, pier 
bottoms must rest on firm soil 
and be below the frost line. The 
lower end of a post or column 
must be fastened securely to 
the pier. 

Circular piers are popular in 
most areas. The pier form is cut 
from tubing made from treat- 
ed cardboard or other fibrous 


Gates & Sons, Inc. 


Circular footings may be required to support a circular wall form. 


material. See Figure 39-19. 
When circular pier forms are set 
in position and plumbed, soil is 
placed around the forms to hold 
them in place while being filled 
with concrete. 


METAL POST 
BASE CONNECTOR 


TUBE 


CONCRETE 
FORMING 


Figure 39-19. Circular pier forms must be 
set in position and properly plumbed before 
concrete is placed. For this application, a 
metal post base connector is placed in 
fresh concrete. 
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Other common pier shapes 
include square, tapered, and 
stepped. Figure 39-20 shows 
the construction of a square 
pier used to support a post or 
column. Figure 39-21 shows a 
procedure for setting bolts that 
secure the base ofa steel column 


| Figure 39-20 


SIDE 
FORM 


CUT-TO- e 


FORM PIECES 


Figure 39-20. A square pier supports a post or column. In this example, the pier 
dimensions are 2-0" x 2^-0" x 10”. 


Figure 39-21 


TEMPLATE LENGTH 
CUT TO MATCH 


FORM WIDTH 


STEEL 
COLUMN 


ANCHOR 
BOLTS AND 
NUTS 


ASSEMBLED 
FOOTING FORM 


to a square pier. The bolt holes 
are laid out on a template that is 
centered on the pier form. - 
Figure 39-22 shows the con- 
struction of a tapered pier form. 
A pier block may be used to 
provide a nailing base for the bot- 
tom of a wood post. Common or 


Square Pier Form Construction : 


ac 
i s cum 


1%” 


DIAGONAL BRACE 
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z =. x 7 
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LL 


| MEASURE AND 
DRILL FOUR HOLES 


HOLE TEMPLATE 


TEMPLATE 


MEASURE AND MARK ^ 
FORM CENTERLINES 
ON ALL FOUR SIDES 


duplex nails are driven at angles 
into the pier block, which is then 
pressed into the fresh concrete. 
The angled nails hold the block 
securely after the concrete has 
hardened and set. 

Figure 39-23 shows the con- 
struction of a stepped pier form. 
Cleats secure the top section of 
the form to the bottom section. 
A metal dowel may be used to 
hold a wood post in position. 
Stepped piers are also used to 
support steel columns. 

Pier forms must be level and 
positioned according to the 
dimensions provided on a foun- 
dation plan. A typical pier 
layout procedure is shown in 
Figure 39-24. 


- MARK CENTERLINE 
wed OF TEMPLATE ON 
ALL FOUR EDGES 


ALIGN TEMPLATE 
AND FORM 
CENTERLINES 


t ANCHOR BOLT AND TACK IN PLACE 
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AND MARK 


ASSEMBLED 
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Figure 39-21. Bolt holes for a steel column are laid out on a template that is centered on the form. 
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Tapered Pier Form Construction 
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| Figure 39-22 
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PANEL \ LAYOUT 
V 


Wy 


t 

ty ; 
l ALLOW 112” 
/ FOR CLEAT ` 

1 
i J 


4 
END PANEL LAYOUT Y 
\ 
— 12” INSIDE 
16%" 


PIER BLOCK 


SPIKES NAILED, 
AT ANGLE TO/ 
ANCHOR PIER 


TAPERED PIER 
SIDE PANEL 


TAPERED PIER 
END PANEL 


Figure 39-22. Tapered piers are angled on all sides. A pier block is used in this example to provide a nailing base for a wood post. 
Nails are driven at angles into the pier block that is pressed into the fresh concrete. The angled nails hold the pier block securely after 


the concrete has hardened and set. 


GRADE BEAM FORMS 


A grade beam is a reinforced 
concrete beam placed at ground 
level and supported by piles or 
piers at the ends and at interme- 
diate positions. A grade beam 
should extend at least 8” above 
the finished grade of the lot and 
the bottom must be below the 
frost line. Many building codes 
require the soil directly beneath 
grade beams be removed and 
replaced with a layer of coarse 
rock or gravel. The coarse rock 
or gravel provides drainage and 
reduces the chance of freezing 
action causing movement in the 
foundation walls. 


de with treated cardboard, braced, and filled 
future sign protrude from the top of the foot- 
before being inserted into the concrete, will 


A circular pier form is cut from tubing ma 
with concrete. Electrical connections for a 
ing. Long anchor bolts, shown in a template 
provide anchorage for the signpost. 
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Stepped Pier Form Construction 
Figure 39-23 | 


TOP FORM FOR 
STEPPED PIER 


BOTTOM FORM FOR 
STEPPED PIER 


hold the top form in place over the bottom form. A metal dowel may be used to hold a 
wood post in position. Stepped piers may also be used for steel columns. 


Pier Layout 
Figure 39-24 


MEASURE | 
AND DRIVE 
STAKES 


© Drive stakes and stretch line to locate centerlines of pier forms. 


o Measure and mark centerlines on all four sides of the pier form. Using a plumb 
bob or hand level, position pier form box so centerlines of box are plumb with 
stretched centerlines. 


o Drive stakes and place soil against form to hold it in position while concrete is 
placed. 


Figure 39-24. Pier forms must be accurately placed. 
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Cast-in-Place Grade 
Beams 


Pier holes must be dug before 
grade beam forms can be con- 
structed. Pier holes are dug 
using manual means such as 
shovel or earth auger or using 
a mechanical drilling rig that 
drives an earth auger into the 
ground. See Figure 39-25. 


Figure 39-25. Pier holes are dug with a 
mechanical drilling rig that drives an 
earth auger. 


Rebar are placed in the pier 
holes and extend above the 
top of the concrete to tie into 
rebar in the grade beam. In firm 
and stable soil, concrete can be 
placed directly into the open 
hole. In soft and unstable soil, 
a circular fiber form should be 
properly positioned in the pier 
hole before concrete is placed. 
See Figure 39-26. 

The grade beam wall form is 
built directly over the piers. The 
rebar extending from the piers are 
tied to rebar placed in the grade 
beam forms. See Figure 39-27. 


COMM: 
IR PTR 16 


~Flare the bottoms of pier holes to - 
increase the surface area of the 
pier and help distribute weight, 

“and to resist forces of frost 

heaving the piers. .—— 


Figure 39-26. Circular piers are used to 
support grade beams. Reinforcing steel 
extending from the top of the pier ties into 
the reinforcing steel of the grade beam. 


Precast Grade Beams 


In some areas, precast grade 
beams are used for residential 
foundations. Precast grade beams 
are formed at a precast manufac- 
turing facility and transported by 
truck to the job site, where they 
are lifted and set in place by a 
crane. Precast grade beams allow 
fast and efficient construction of 
crawl-space foundations that are 
placed on fairly level ground. 


| Plyform?'is'a performance rated — 
= plywood panel used for concrete 


The precast system shown in 
Figure 39-28 uses concrete grade 
beams that are 6" wide by 12” 
high. The beams are temporar- 
ily supported by wood blocks 
when they are placed over the 
pier forms. A 1⁄2” rebar is inserted 
through a predrilled hole in the 
beam and is tied to another rebar 
that has been placed in the pier. 
After the grade beams have been 
properly leveled and aligned, 
concrete is pumped into the 
pier forms up to the bottom of 
the beams. The pier forms must 
be properly secured in position 
during concrete placement. 


SLAB-AT-GRADE FORMS 


In slab-at-grade construction, a 
concrete slab rests directly on a 
bed of gravel that has been placed 
on the ground. Forms are con- 
structed around the perimeter of 
the slab. See Figure 39-29. 


"Grade Beam Fo 


| Figure 39-27 i 


rms — —. 


Figure 39-27. Grade beam forms may be constructed over concrete piers. 


Figure 39-28. Grade beams are placed by 
crane over the pier holes. The grade beams 
are temporarily supported by blocks and 
wedges. 


Figure 39-29. Slab-at-grade forms are 
constructed around the perimeter of a slab. 


Two methods are used in slab- 
at-grade foundation construc- 
tion. In one method, concrete for 
foundation walls and footings is 
placed first and concrete for the 
slab is placed separately, after 
the walls and footings have hard- 
ened and set. See Figure 39-30. 
Placing the foundation and slab 
separately is recommended for 
colder climates. Concrete floors 
tend to be cold because of heat 
loss occurring around the edges 
of the slab and exterior founda- 
tion walls. To help prevent heat 
loss, rigid insulation is placed 
around the perimeter of the slab 
and extends 2'-0" beneath the 
concrete slab. 

In warmer climates, concrete 
for the walls and floor is placed 
at the same time (monolithic 
construction). See Figure 39-31. 
The foundation and floor slab are 
one unit. 


Unit 39 Foundation Designs—Form Construction 323 


Slab-at-Grade—Separate Wall and Floor — — =< < 
| Figure 39-30 T : 
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Figure 39-30. In this slab-at-grade system, concrete for the foundation walls and slab is placed separately. The shoulder at the top of 
the wall supports the edges of the slab. 


Slabs-at-Grade — Continuous Unit (Monolithic) 


Figure 39-31 S 


CONCRETE FOUNDATION WALL AND SLAB 
PLACED AS ONE CONTINUOUS UNIT 
(MONOLITHIC) 


SILL PLATE HELD 
BY '?" x 12” ANCHOR 
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Figure 39-31. The walls and slab form a continuous unit in a monolithic slab-at-grade. 
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General rules to observe when 
constructing slab-at-grade foun- 
dations include the following: 


1. Remove topsoil in the slab 
area. 

2. Install required pipes and 
ducts and place a 4" to 6" 
layer of gravel to prevent 
groundwater from collect- 
ing beneath the floor. See 
Figure 39-32. 

3. Place a moisture-resistant 
vapor barrier, such as 6 mil 
polyethylene plastic, over 
the gravel. Joints should be 
lapped at least 4". Ensure 
that the vapor barrier is not 
punctured while it is being 
spread over the gravel. 

4. Slabs-at-grade should be at 
least 4" thick and reinforced 
with 6 x 6—W1.4 x W1.4 
welded wire reinforcement. 


Post-Tensioned Slabs 


Post-tensioned slabs may be used 
in conjunction with slab-at-grade 
floor systems in residential and 
industrial construction. Post-ten- 
sioned slabs improve crack con- 
trol with fewer joints in the slab 
and also reduce slab deflection. 
Less excavation is required and 
installation of the slab is faster 
because less reinforcing steel is 
required. 

In post-tensioned slabs, high- 
strength tendons replace the weld- 
ed wire reinforcement and rebar 
used in conventional construction. 
In a typical 4" slab, tendons are 
positioned at the center of the 
slab thickness and run in both di- 
rections at 2’-0” to 5’-0” intervals. 
See Figure 39-33. One end of the 
tendons is securely anchored. 
The other end of the tendons is 
inserted through an anchoring 
device and is attached to a hy- 
draulic jack. Slabs constructed 
over less stable soil conditions 
may require post-tensioned grade 
beams spaced 10’ to 20° apart. 

Concrete is placed after the ten- 
dons have been positioned and 
properly supported. When the 


concrete has reached sufficient 
strength, the tendons are stressed 
by hydraulic jacks to an effective 
force of about 25,000 lb. Anchor- 
ing devices at the ends of the 
tendons transfer the force to the 
concrete slab. See Figure 39-34. 


Care must be taken to prevent 
i damage to the plastic sheath 
covering post-tensioning tendons. 
Tendons within the sheath are 
coated their entire length with 
corrosion-inhibiting grease to 
protect the tendons from corrosion, 
weakening, and potential 
breakage. Also, do not make 

| sharp angles with the tendons. 


TENDONS ENCLOSED 
IN PLASTIC SHEATH 


ANCHORING 
DEVICE 


TENDONS 


Figure 39-34. Anchoring devices hold the 
ends of the stressed tendons. 
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Figure 39-32. Pipes, ducts, and welded wire reinforcement are installed in a slab-at- 
grade before concrete is placed. The orange tubing in this photo will provide radiant 


heat for the home. 


Portland Cement Association 


Figure 39-33. Tendons (encased in green plastic sheath) run in both directions at 2^-0^ 
to 5-0” intervals in a typical 4" thick post-tensioned slab-at-grade. 
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INSULATING CONCRETE 
FORMS 


Insulating concrete forms (ICFs) 
are a type of concrete-forming 
system that consists of a layer of 
concrete sandwiched between 
expanded polystyrene (EPS) foam 
forms on each side. The forms 
remain in place after the concrete 
has been placed and become a 
permanent part of the walls or 
floors. See Figure 39-35. Interior 
walls, floors, and ceilings are then 
constructed using standard wood 
or metal framing members. ICF 
systems are increasingly used for 
above- and below-grade residen- 
tial and commercial construction, 
including walls and floor and roof 
decks. In addition, ICF construc- 
tion techniques and materials can 
be used for tilt-up construction. 
While forms and components for 
ICF construction from different 
manufacturers are similar, they 
are typically not interchangeable. 
Always consult the manufacturer 
instructions regarding the proper 
construction of insulating con- 
crete forms. 


ECO-Block, LLC 


Insulating concrete forms can be used to form a short foundation wall, which will be 


tied into a slab. 


After placing the concrete, 
ICFs remain permanently at- 
tached to the concrete and are 
not removed like traditional 
concrete-forming systems. The 
insulating forms combined with 
the concrete provide a continu- 
ous insulation system and an 


i 
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Quad-Lock Building Systems Ltd. 


excellent sound barrier. The forms 
also serve as backing for gypsum 
board for the building interior 
and exterior finish such as wood 
siding, brick, and stucco. 

Some building codes, particu- 
larly in the South, require that 
below-grade ICF wall sections 
be treated to resist the possible 
infestation of termites and car- 
penter ants. 

A completed ICF building 
looks no different from a framed 
structure. ICF construction of- 
fers many advantages over tra- 
ditional wood- or metal-framed 
buildings, including minimal 
air infiltration, reduced heating 
and cooling loads, and better 
fire resistance. In addition, ICF 
construction can contribute to 
LEED? certification. ICFs do not 
contain any formaldehyde and 
the waste form materials are 
10096 recyclable. 


ICF Systems 


The three main ICF systems are 
block, panel, and plank systems. 
See Figure 39-36. The ICF units 
typically fit together with tongue- 
and-groove or serrated joints. 


Figure 39-35. Insulating concrete form (ICF) systems are used for above- and below-grade 
residential and commercial systems. When the interior and exterior finish materials are 
applied, ICF buildings have thicker walls than buildings constructed using traditional 
methods. 


Foam adhesives may be used 
to reinforce the bond between 
joints. 
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Insulating Concrete Form (ICF) Systems 


Figure 39-36 
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Figure 39-36. The main types of insulating concrete forms are blocks, panels, and planks. 


ICF Block Systems. Block forms 
resemble concrete masonry 
units (CMUs), although their 
dimensions may vary from a 
typical CMU. Block units arrive 
on the job site ready for wall 
construction. 

An ICF block consists of EPS 
face shells that are attached 
to each other using plastic or 
steel ties. See Figure 39-37. 
The face shells are typically 
2" to 234" thick depending on 
the manufacturer and desired 
R value of the completed 
walls. The ties are crosspieces 
whose ends are molded into 
the face shells. In addition to 
tying the face shells together, 
the ties also maintain a con- 
sistent space between the 
interior surfaces of the face 
shells and support rebar. Wall 
thicknesses range from 4" for 
above-grade applications to 
12" or more for foundations 
and below-grade applications. 
The length of the ties deter- 
mines the wall thicknesses. 
While a common block size is 
16" high by 48" long, smaller 
or larger units are also avail- 


able. In addition to straight 
blocks, 45?and 90? corner 
blocks are also available. 


ICF Panel and Plank Systems. 
Panel and plank systems differ 
from block forms in that they are 
shipped flat to the job site without 
the ties installed. Panel forms can 
be up to 4' wide by 8' long, while 


3054 ouest i 


plank forms are typically 1' wide 
by 4' or 8' long. See Figure 39-38. 
Ties for panel systems are installed 
between the opposing form sides 
before the units are placed in po- 
sition. Ties for plank systems are 
installed between the form sides 
as the ICF planks are placed in 
position. 


Quad-Lock Building Systems Ltd. 


Insulating concrete form plank systems are shipped flat to a job site and erected in 


courses. 
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ICF Block System _ 


Figure 39-37 
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Figure 39-37. Insulating concrete form (ICF) 
block systems consist of face shells and ties 
whose ends are molded into the shells. 


CORNER UNITS 


ICF Wall Designs 


Three basic ICF wall designs are 
flat core, waffle grid, and screen 
grid. See Figure 39-39. The wall 
contours are formed by the shape 
of the interior of the ICFs. 


Flat Core Walls. Flat core 
walls are similar to traditional 
cast-in-place concrete foundation 
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walls with a layer of expanded 
polystyrene insulation on each 
side. Flat core walls vary in 
thickness, and commonly are 
4”, 6”, 8 or 10”. 


- ICF Plank System — 


1 Figure 39-38 TIES EIT 
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Figure 39-38. Insulating concrete form 
(CF) planks have slots to receive plastic 
or metal ties. Vertical ICF planks extend 
the entire height of a wall. 


Waffle Grid Walls. Less con- 
crete is used in a waffle grid 
design than a flat core design. 
The horizontal and vertical 
core thicknesses are usually 6” 
or 8”. Web thickness between 
the cores should be a minimum 
of 2”. The maximum spacing of 
horizontal and vertical cores is 
12:00 


Screen Grid Walls. Screen grid 
walls, also known as post and 
beam forms, have columns 
spaced approximately 48" OC 
and horizontal beams spaced 
4' or 8' OC. Column and beam 
thicknesses are usually 6" or 8". 
Unlike the waffle grid design, 
screen grid systems do not have 
webs between the columns and 
beams. 


ICF Tools and Handling 


Insulating concrete forms are 
significantly lighter in weight 
than traditional concrete forms. 
ICFs weigh approximately 1 lb 
to 2 lb per square foot. Basic 
layout tools such as tape mea- 
sures, framing squares, a chalk 
line, and a builder's level or 
laser transit level are used to 
lay out the forms and ensure 
walls are plumb and square and 
that floors are level. Fastening 
tools, including a hammer and 
drywall screwgun, are used to 
fasten materials to the ICF faces. 
In addition, a caulking gun or 
foam applicator is needed to 
apply foam adhesives to the 
forms. 

Standard powered cutting 
tools are typically used to cut 
ICFs. A table saw with a fine- 
toothed blade is used for long, 
straight cuts. A circular saw or 
reciprocating saw can be used 
for cutouts when the walls are 
in place. Curved pruning saws 
work well for cutting most ICF 
materials. Electric hot knives 
can also be used to cut grooves 
or other recesses in ICFs. See 
Figure 39-40. 


ICF Wall Designs 
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Figure 39-39. The basic insulating concrete form wall designs are flat core, waffle grid, and screen grid. 
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Figure 39-40. Cutouts can be created in 
insulating concrete forms (ICFs) using an 
electric hot knife. 


Door and Window Bucks 


When erecting ICF walls, open- 
ings must be created for doors, 
windows, or other openings 
such as those required for 
ventilation. Door and window 
bucks are required to frame 
door and window openings in 
ICF walls and prevent concrete 
from escaping from the forms 
during concrete placement. See 
Figure 39-41. Door and window 


bucks remain in place after the 
concrete is placed and serve as 
door and window frames. Metal 
sleeves may be used to create 
openings for ventilation or 
utility runs. Bucks and sleeves 
must be properly braced and 
supported to prevent movement 
during concrete placement. 
Door and window bucks are 
constructed from plastic, vi- 
nyl, or pressure-treated wood. 
Plastic or vinyl bucks are pre- 
ferred by many contractors. 
Unlike wood bucks, which will 
deteriorate over time, plastic 
and vinyl bucks remain stable 
and are not subject to water or 
mold damage. Integral flanges 
extending out from the frames 
anchor plastic or vinyl bucks 
to the concrete. Wood bucks 
can be prebuilt and delivered 
to the job site or constructed 
on the job site. The sides and 
top of door and window bucks 
should be the width of the wall. 
The bottom of a wood buck 
is commonly constructed of 


two or more 2 x 4s. One of the 
2 x 4s is removed during con- 
crete placement to provide 
an opening for the concrete. 
When concrete fills the wall 
cavity below the buck, the 2 x 
4 is fastened into position and 
concrete placement continues. 
Untreated lumber can also be 
used to construct a buck, but 
a waterproof barrier must be 
installed between the buck and 
concrete. 


Quod-Lock Building Systems Ltd. 


Figure 39-41. Window and door bucks 
frame door and window openings in in- 
sulating concrete form (ICF) walls. 
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Attaching to Insulating 
Concrete Forms 


A variety of devices and meth- 
ods are used to attach finish 
materials to insulating concrete 
forms. Exterior materials such 
as wood siding, brick, stone, or 
stucco can be applied to exterior 
surfaces. Gypsum board, solid 
wood boards, or wall paneling 
can be fastened to interior ICF 
surfaces. Metal hangers and 
other devices that support wood 
or metal ceiling joists, ledgers, 
and beams may also need to be 
installed. 


Ledger Connectors. Ledger con- 
nectors can be installed before 
or after concrete is placed in the 
forms. Ledger connectors support 
the wood or metal ledger boards to 
which joist hangers or other metal 
framing connectors are fastened. 
See Figure 39-42. When installing 
ledger connectors before concrete 
is placed, a chalk line is snapped 
for the bottom of the ledger board, 
and the on-center spacing of the 


| Ledger Connectors | 
Figure 39-42 a À 


connectors is marked along the 
line. Some ledger connectors can 
be pushed through the forms, 
while other ledger connectors 
require kerfs to be cut for the 
legs. The ledger connector is then 
inserted into the kerfs until it is 
flush with the surface of the ICF. 
Concrete can then be placed for 
the walls. 

Wood ledger boards can 
be fastened to ICFs after the 


concrete has properly hard- 
ened using concrete screws. A 
chalk line is snapped for the 
bottom of the ledger board. 
The concrete screws are driven 
through the connector and 
ledger board. The ledger board 
is then aligned with the chalk 
line and the screws are driven 
through forms and into a metal 
connector plate embedded in 
the concrete. 


Insulating concrete forms are constructed around horizontal and vertical rebar that are 


tied together. 


METAL CONNECTOR 
PUSHED INTO INSULATION 
UNTIL FLUSH WITH 
INSULATION BEFORE 


CONCRETE IS PLACED 


INSULATING 
CONCRETE 
FORM 


LEDGER BOARD FASTENED 
TO CONNECTOR WITH SCREWS 


METAL OR WOOD LEDGER BOARD 


INSULATING 
CONCRETE 


SCREWS DRIVEN THROUGH METAL 
CONNECTOR AND WOOD LEDGER 
BOARD AND INTO METAL CONNECTOR 
PLATE EMBEDDED IN CONCRETE 


WOOD LEDGER BOARD 


Figure 39-42. Ledger connectors support wood or metal ledger boards. Joist hangers or other metal framing connectors are fastened 


to the ledger boards. 
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Wall Finish. Interior finish mate- 
rials may be applied directly to 
insulating concrete forms using 
adhesives, or they may be at- 
tached to plastic or metal furring 
strips embedded in the forms. 
When using adhesives, always 
consult the ICF manufacturer 
recommendations for the proper 
type of adhesive to be used. See 
Figure 39-43. 


Figure 39-43. Foam adhesive may be 
used to attach gypsum board panels to 
ICF walls. 


Plastic or metal furring strips 
may be embedded in ICFs, pro- 
viding a good base for attaching 
gypsum board or finish products. 
Self-tapping screws should be 
used when attaching finish prod- 
ucts to plastic or metal furring 
strips. Ring-shank nails should 
be used when nailing to wood 
furring strips. 

For certain applications, sheets 
of 24-, 25-, or 26-ga galvanized 
sheet metal are installed under 
the gypsum board to provide 
proper support for heavy items. 
The sheet metal is fastened to 
furring strips using self-tapping 
screws or pop rivets. The gypsum 
board is then attached to the sheet 
metal. The heavy items, such as 
cabinets, are secured in place 
using self-tapping screws with 
sufficient length to penetrate the 
sheet metal backing. 


Constructing ICF Walls 


When constructing ICF walls, 
the first row of blocks, panels, 
or planks are set in position on a 


concrete footing or slab with ver- 
tical rebar extending vertically. 
The footing or slab should be +4” 
from level to avoid adjusting the 
forms later in the wall construc- 
tion. The general procedure for 
constructing an ICF wall is as 
follows: 

1. Snap chalk lines on the foot- 
ing or slab to position the 
walls. Fasten wood or metal 
bottom plates to the footing 
or slab to prevent the base of 
the ICF wall from moving. 
See Figure 39-44. Dabs of 
foam adhesive can be used to 
prevent the base from mov- 
ing in lieu of the plates. 
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Figure 39-44. Wood or inetal bottom plates 
are fastened to the footing or slab to pre- 
vent the base of the insulating concrete 
wall form from moving. 


2. As the ICF wall is construct- 
ed, place the door and win- 
dow bucks where required. 
Also, install sleeves for other 
wall openings such as holes 
for utilities and ventilation. 
Bucks and sleeves must be 
properly braced and sup- 
ported to prevent movement 
as concrete is being placed. 

3. Place horizontal rebar as the 
wallis constructed. Depend- 
ing on the type of ICF system 
and the manufacturer recom- 
mendation, the horizontal 
rebar may be supported by 
and tied to the ICF ties. 

4. Align and brace forms to 
keep the walls and openings 
plumb and square during 
concrete placement. For 
higher walls, one method 
of aligning and bracing the 
forms is to construct a scaf- 
fold with uprights fastened 
to one side ofthe wall. Braces 
attached to the uprights of 
the scaffold are secured to 
stakes in the ground at their 
lower ends. The scaffold also 
serves as a working platform. 
See Figure 39-45. Typical 
corner braces consist of two 
2 x 6s held in place by diago- 
nal 2 x 4s fastened to stakes 
in the ground orcleats nailed 
to the top of the footing or 
slab. See Figure 39-46. 
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Figure 39-45. Braces are required to sup- 
port the insulating concrete wall forms 
during concrete placement. Note the use 
of ladder frames and work platforms for 
easy access to the top of the forms. 
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Figure 39-46. Corners of insulating con- 
crete forms must be properly supported 
and braced. 


5. Install miscellaneous metal 
connectors such as ledger 
connectors and anchor bolts 
as required. 

6. When required by the man- 
ufacturer, install wire ties 
along the top edge of the 
wall to prevent the upper 
form edges from spreading. 
See Figure 39-47. 

7. Place the concrete as shown 
in Figure 39-48. 


Figure 39-47. Wire ties may be installed 
along the top edge of insulating con- 
crete forms (ICFs) to prevent upper form 
edges from spreading. À metal cap may 
also be installed to protect the tops of 
ICF wall forms from concrete that may be 
splattered during placement. 


After the concrete hardens and 
cures properly, the plumbing and 
electrical installation can begin. 
The foam can be cut to create chan- 
nels for electrical lines and water 
pipes using an electric hot knife. 
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Figure 39-48. Concrete should be slowly 
introduced into the forms in Z' to 4' lifts. 


Placing Rebar and Concrete 


The procedure for positioning 
vertical and horizontal rebar 
inside ICFs depends on the form 
system being used. Rebar place- 
ment in plank and panel forms 
is similar to placing rebar in 
traditional panel forms. Vertical 
and horizontal rebar are joined 
by tying the rebar together with 
wire. Rebar placement in block 
forms is similar to placing rebar 
in concrete masonry units. Block 
forms may be designed with cra- 
dles, making it more convenient 
to place the horizontal rebar. 
Insulating concrete forms are 
not braced with a system that 
includes walers. Therefore, there 
is an increased possibility of 
pillowing (bulges) occurring in 
the walls. To prevent pillowing, 
concrete should be introduced 
into the forms slowly in 2' to 4' 
lifts using a concrete pump and 
hose. A reducer is installed on 
the hose to narrow the discharge 
to 2". A concrete mix design 
that includes a plasticizer agent 
will ensure proper flow of the 
concrete into all areas of the 
forms. When permitted by the 
ICF manufacturer, mechanical 
vibration may be used to help 
consolidate the concrete. 


ICF Floor and Roof Decks 


Similar to ICFs for wall construc- 
tion, the ICFs for floor and roof 
deck systems remain in place 
after concrete has hardened, add- 
ing greater insulation value to the 
building. Form shapes and instal- 
lation methods vary with different 
manufacturers. However, ICF floor 
and roof deck systems typically 
consist of a thick layer of foam, 
integral steel joists, and a 2" to 4" 
thick layer of concrete placed on 
top of the foam. See Figure 39-49. 
Rebar are placed in the concrete 
beam pocket between the ICF units. 
Hollow cores are provided in the 
forms for plumbing and electrical 
installation. Most ICF floor and roof 
systems require temporary shoring 
until the concrete has achieved de- 
sign strength. See Figure 39-50. 
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Figure 39-49. Insulating concrete form 
(ICF) floor and roof deck systems consist of 
a layer of foain, steel joists embedded in the 
foam, and a layer of reinforced concrete. 


i i. 

Quad-Lock Building Systems Ltd. 
Figure 39-50. Insulating concrete forms 
(ICFs) for floor and roof decks must be prop- 
erly shored during concrete placement and 
must remain in place for the amount of time 
specified in the construction specifications. 


.. Stairway 
and Outdoor 


Slab Forms 


tairway and outdoor slab 
forms are constructed by 
carpenters, usually after 
most of the building construc- 
tion is complete to minimize 
the wear on the surfaces. The 
local building code should be 
consulted to determine the per- 
mitted stairway riser height and 
tread width, as well as thick- 
nesses and widths of walkways 
and driveways. 


STAIRWAY FORMS 


Due to the finished floor height 
of a building, an entrance plat- 
form and stairway may be re- 
quired. Concrete is a practical 
material for entrance platforms 
and exterior stairways since it 
is durable and will not decay 
under damp conditions. 

Figure 40-1 shows a proce- 
dure for constructing entrance 
platform and stairway forms. In 
this example, the riser height is 
71⁄2” and the tread width is 10”. 
A. center brace and cleats are 
required on wide stairways to 
support the riser boards. The 
bottom edges ofthe riser boards 
should be beveled to allow a ce- 
ment mason to trowel into the 
corner. See Figure 40-2. Riser 
boards should be removed as 
soon as possible in order to finish 
the vertical concrete surface. 


_ Figure 40-1 
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Figure 40-1. Stairway risers and treads are laid out on panel sheathing. Cleats are nailed 


to the sheathing and the riser form boards are fastened to the cleats. For wide stairways, 
a brace is placed at the center of the riser boards. 


OUTDOOR SLAB FORMS 


Outdoor concrete slabs include 
sidewalks, patios, and drive- 
ways. Information regarding 
the widths and locations of 
sidewalks, patios, and drive- 
ways is provided on the plot 


plan. Sidewalk, patio, and 
driveway forms are usually 
built as construction work on 
the building nears completion. 
Final grading ofthe soil should 
be completed and the ground 
settled and compacted before 
the forms are built. 
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Figure 40-2. Riser boards are beveled to 
allow a cement mason to trowel into the 
corner. 


Sidewalk, patio, and driveway 
slabs are usually placed directly 
on the soil. For many applica- 
tions, soil is removed from the 
slab area so the top of the slab is 
flush with the surrounding area. 
Ifthe building site has significant 
surface water or if problems 
could result from frost condi- 
tions, a layer of gravel is laid 
before the concrete is placed. 

Carpenters or cement ma- 
sons typically set the forms for 
outdoor slabs. Outdoor slab 
forms usually are 2 x 4s or 2 x 
6s placed on edge and held in 
place by stakes. Spreader boards 
are placed at intervals to ensure 
proper spacing between the out- 
side form boards and to retain the 
concrete while it is being placed 
in different sections of the form. 
The spreader boards are removed 
as concrete is placed. A proce- 
dure for setting sidewalk forms 
is shown in Figure 40-3. 

When concrete is placed for 
an outdoor slab, provisions must 
be made to strike off (screed) the 
concrete to the required level. 
For a sidewalk form, a straight- 
edge known as a strike board, or 
screed board, is laid across the 
top of the outer form boards. The 
strike board rests on top of the 
form boards and is moved back 
and forth using a saw-like motion 
to level the concrete surface. 
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For larger slabs, such as pa- 
tios or terraces, temporary 
wood or metal pieces called 
screed rails are placed at inter- 
vals in the slab area. The tops 
of the screed rails are set to 
the desired finished surface of 
the concrete. A strike board is 
moved back and forth along the 


screeds after the concrete has 
been placed. See Figure 40-4. 
Large slabs can also be struck 
off using power-driven screeds 
that make the job easier. See 
Figure 40-5. After the concrete 
has been placed and struck off, 
cement masons work the con- 
crete to the desired finish. 


| Setting Forms for Sidewalk Slabs — 


Figure 40-3 


CORNER 
STAKES 


E 
ae 


INTERMEDIATE STAKES 
SET AT 4’-0” OC 


if necessary. 


SPREADER 5 
BOARD 


Q Drive stakes at four corners of sidewalk. The stakes should be held back by the 
thickness of the form board. Mark grade levels and stretch lines. 


© Snap grade levels on stakes and nail form boards to one side. Brace form boards 
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Figure 40-3. Sidewalk slabs are formed with 2 x 4s or 2 x 6s. 
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Figure 40-4. When striking off concrete, the strike board is moved back and forth using 


a saw-like motion. 


Figure 40-5. Power-driven screeds, such 
as a vibratory wet screed, are commonly 
used for large slabs-at-grade. 


Walkways and Patios 


The width required for a walk- 
way depends on whether it is a 
sidewalk, front walk, or service 
walk. Sidewalks run along a 
street and border the building 
lot. Sidewalks are typically 4’ 
to 5’ wide. Front walks extend 
from the sidewalk or driveway to 
the front entrance of a building. 
Front walks are usually 3’ wide. 
A service walk extends from a 
driveway or sidewalk to the rear 
entrance of a building. Service 
walks are commonly 2’ to 6’ 
wide and are set approximately 
2’ from a building. Walkways 
and patios are 4” thick, although 
walks should be thicker if trucks 
carrying heavy loads frequently 
cross over them. 


The slope across the width of 
a walkway, known as the cross 
slope, should be %” to 1⁄4” per foot 
to allow proper water drainage. 
A slope of 1" in 12' is adequate 
for patios. 


Driveways 


One-car driveways are usu- 
ally 10’ wide. Two-car drive- 
ways range from 18’ to 20’ wide. 
Driveways used for passenger 
cars should be at least 4” thick 
while driveways used for trucks 
or other heavy vehicles should 
be 6” thick. Driveway slabs that 
abut garage floors should have a 
finished surface that is !&" lower 
than the garage floor to prevent 
water from entering the garage. 

Driveways are reinforced 
with welded wire reinforce- 
ment to minimize cracking. 
Driveways for heavy vehicles 
are reinforced with rebar. Mini- 
mum cross slope of a driveway 
should be %” to V4" per foot for 
proper water drainage. 


Control and Expansion 
Joints 

A control joint, or contraction 
joint, is a groove made in a con- 
crete slab to create a weakened 
plane and control the location 
of cracking in the slab. Control 
joints are placed at intervals to 


a depth of one-fourth the slab 
thickness. Control joints are 
tooled into the concrete surface 
using a hand groover as the 
concrete is finished, or they can 
be cut into the concrete using a 
concrete saw after the concrete 
has set. See Figure 40-6. 


Figure 40-6. A control joint is tooled using 
a hand groover and straightedge. 


Spacing of control joints 
is determined by the type of 
slab. In general, control joints 
should be placed approxi- 
mately 2% times (in feet) the 
slab depth (in inches). For ex- 
ample, control joint spacing for 
a 4” thick slab is approximately 
10’. In driveways, control joints 
running across the width should 
be no more than 10’ apart. For 
driveways 12’ wide or more, 
a control joint is also recom- 
mended along the length of the 
driveway. 

An expansion joint, or isola- 
tion joint, is provided to separate 
dissimilar construction materials 
and to separate adjoining sections 
of concrete to allow movement 
caused by expansion and con- 
traction of the slabs. For exam- 
ple, an expansion joint is used 
where a sidewalk butts against 
a foundation wall, stairway, or 
driveway. An expansion joint 
passes through the entire slab 
thickness. An asphalt-impreg- 
nated strip or other type of ma- 
terial is normally placed at the 
juncture of the isolation joint. 
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he foundation of a build- 
ing is critical to the integrity 


and soundness of the entire © 


building. Foundations must be 
properly designed and constructed 
according to local building code 


regulations. In addition, moisture - 


control and insect prevention are 


key factors in preventing serious < 


foundation damage as the build- 
ing ages. 


MOISTURE CONTROL 


Water conditions on and below 
the ground surface must be con- 
sidered in foundation construc- 
tion. Precautions must be taken to 
ensure that water does not enter 
the living area of a full-basement 
foundation. In addition, water 
collecting on the ground inside 
and surrounding a crawl-space 
foundation creates dampness that 
causes wood decay, unpleasant 
odors, mold, and rust. 

Water from rain and melting 
snow that stays on the ground 
surface is called surface water. 
Finish grades around a founda- 
tion should be sloped away from 
the building to divert water away 
from the building. 

Most problems related to wa- 
ter conditions of the ground 
concern the water table, which 
is located beneath the ground 
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Foundation 
Moisture contol 


surface. The water table is the 
highest point below the surface 
of the ground that is normally 
saturated with water in a given 
area. Water tables tend to rise 
during wet seasons and subside 
during dry seasons. 


Capillary Action 


A certain amount of water and 
water vapor rise from the water 
table through a process known 
as capillary action. Capillary 
action occurs in all types of soil, 
although water will rise higher 
in more porous soils, such as 
silt and clay, than in less porous 
soils. See Figure 41-1. Even when 
the water table is well below 
the finish grade, capillary action 
can cause damp conditions at the 
ground surface. 


pillary Action — —— 
|» Figure 41-1 
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Capillary action does not occur 
in coarse material such as gravel. 
Therefore, one method of water 
control is to excavate the porous 
soil around a foundation and 
replace it with gravel. 


Moisture-Resistant Vapor 
Barriers 


One approach to solving the 
problem of water collecting 
under a crawl-space foundation 
is to cover the ground with a 
moisture-resistant vapor bar- 
rier. The material must also 
be decay- and insect-resistant. 
Four or six mil polyethylene 
film is commonly used. After 
the film is placed, it should 
be covered with a layer of pea 
gravel, sand, or a skim coat of 
concrete. See Figure 41-2. 
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Figure 41-1. Water moves toward the surface of most soils as a result of capillary action. 
Water rises higher in fine-grained soils such as clay or silt. 
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Figure 41-2. A vapor barrier helps prevent 
moisture from accumulating underneath a 
house with a crawl-space foundation. 


Waterproofing 
Foundation Walls 


Although solid concrete walls are 
highly resistant to water penetra- 
tion, they can still absorb mois- 
ture if not properly waterproofed. 
Concrete masonry unit walls are 
less resistant to water penetration 
since the walls are constructed 
with individual units. Water pen- 
etration through foundation walls 
can damage interior wall finishes, 
equipment, and furnishings and 
produce mold and decay. Foun- 
dation walls should be treated 
from the bottom ofthe wall to the 
finish grade. 

Most moisture penetration oc- 
curs through leaks, seepage, 
or condensation. Leaks occur 
in cast-in-place concrete and 
CMU foundations through cracks 
that may develop over a period 
of time. Seepage results from 
groundwater hydrostatic pres- 
sure. Hydrostatic pressure is the 
water pressure at a given depth. 
Rainfall, melting snow, or lawn 
irrigation can increase the hy- 
drostatic pressure exerted on a 
building. Condensation occurs 
on the inside surface of a founda- 
tion wall and occurs when the 
interior of a wall is warmer than 
the exterior surface. 


Effective methods and materi- 
als for waterproofing foundation 
walls include asphalt sheet 
membranes, liquid membranes, 
cementitious products, clay 
materials, and rigid foundation 
insulation panels. 


Asphalt Sheet Membranes. 
Asphalt sheet membranes are 
self-adhesive 60 mil sheets of 
rubberized asphalt laminated 
to polyethylene film. The adhe- 
sive side of the sheet is covered 
with a release paper, which 
is removed at the time of ap- 
plication. See Figure 41-3. The 
primary advantage of asphalt 
sheet membranes is their uni- 
form thickness. Asphalt sheet 
membranes provide good wa- 
terproofing capabilities when 
properly applied. Asphalt sheet 
membranes must be lapped a 
minimum of 6”. Some manu- 
facturers recommend a bead of 
mastic be applied to lap joints 
within 12” of a corner. 


Figure 41-3. Asphalt sheet membranes 
are self-adhesive waterproofing material 
applied directly to foundation walls. 


Liquid Membranes. Liquid mem- 
branes are applied by spraying, 
roller, or trowel. The liquid cures 
into a rubbery coating after being 
applied to foundation walls. See 
Figure 41-4. Liquid membranes 


are commonly composed of 
polyurethane or polymer-modi- 
fied asphalt. Precautions must 
be taken by the applicator to 
ensure a minimum membrane 
thickness of 60 mil. 


WATCHDOG WATERPROOFING® 


Figure 41-4. Liquid membranes cure to 
a rubbery texture after being applied to 
foundation walls. 


Cementitious Products. Cement 
combined with various admix- 
tures produces a cementitious 
product that can be easily 
applied with a brush, trowel, 
or low-pressure spray pump. 
Cementitious products are 
rigid materials and will not 
stand up well to joint or crack 
movement. 


Clay Material. Sodium benton- 
ite, a natural mineral primar- 
ily consisting of aluminum 
silicate, is a highly expansive 
clay material (combined with 
admixtures) used for founda- 
tion waterproofing. Sodium 
bentonite is manufactured as 
panels and is fastened to founda- 
tion walls with nails or powder- 
actuated fasteners. As sodium 
bentonite absorbs water, the 
material swells to 15 times its 
original volume and pushes itself 
into voids and cracks. When the 
material reaches its maximum 
volume, it remains in the voids 
and cracks to seal against water 
entering the building. 
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Rigid Panels. Rigid foundation 
insulation panels provide a 
means for groundwater to flow, 
protect the liquid membrane 
under the panels, and provide 
good insulation capabilities. 
Rigid panels are placed over a 
liquid membrane which holds 
the panels in position until the 
foundation is backfilled. See 
Figure 41-5. 


Footing Drains 


Footing drains, commonly re- 
ferred to as drain tile, are per- 
forated pipes laid along the 
outside of foundation footings to 
collectrainwater and water from 
melting snow percolating down 
through the backfill and move 
it away from the foundation. In 
addition, footing drains relieve 
hydrostatic pressure from rising 
groundwater. Four-inch diameter 
flexible or rigid plastic drain tile 
are commonly used as footing 
drains. See Figure 41-6. 


Bu "A variety of material was used 
to manufacture drain tile in the 
past including clay and concrete. _ 
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Figure 41-6. Drain tile collects and moves 
water away from a foundation. 


Drain Tile. In the past, footing 
drains were often connected to 
the sanitary sewer. However, this 
practice caused problems since 
sanitary sewer systems were not 
designed to handle large volumes 
of surface water from rain and 
melting snow. Modern drain tile 
design allows groundwater to en- 
ter the tile and flow away from the 
building or flow into a sump well 
where it collects and is directed to 
the outside ofthe building where 
it can drain away. 
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Figure 41-5. Rigid foundation insulation panels are applied over liquid membranes. 
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Various types of drain tile are 
available. Flexible high-density 
polyethylene (HDPE) drain tile 
are slotted all the way around. 
Surface water enters drain tile 
slots along the upper edge and 
is directed away from the foun- 
dation through slots along the 
bottom edge. One type of rigid 
polyvinyl chloride (PVC) drain 
tile has holes around the entire 
circumference and directs sur- 
face water away from the foun- 
dation in a similar manner to 
HDPE drain tile. Drain tile used 
in fine soils are available with 
a cloth sock that surrounds the 
tile to prevent small particles 
from clogging the holes. 


Installing Drain Tile. When 
installing drain tile, a 3" to 5" 
layer of gravel is placed at the 
bottom of the footing trench. 
The drain tile is placed on top 
of the gravel base. For best re- 
sults, the bottom of the drain 
tile should be flush with the 
bottom of the footing. Drain 
tile is covered with a 4" layer 
of gravel. 


Sump Well 


A sump well may be required 
for full-basement foundations 
when soil conditions do not 
provide adequate drainage of 
surface water away from a build- 
ing. A sump well is a pit that 
collects surface water, which is 
then pumped to the outside of 
the building where it can drain 
properly. See Figure 41-7. A 
sump well is commonly lined 
with an HDPE liner, which has 
molded outlets for drain tile 
connections. Drain tile divert 
water to the sump well, where 
it collects and is then drained to 
the outside. 

Based on the local building 
code, the liner is placed with the 
top flush with the foundation 
slab or slightly above the slab. A 
4" gravel base is placed around 
and below the sump well. 
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Figure 41-7. A sump well is commonly 
installed in the floor of a full-basement 
foundation system. Water flows through 
drain tile and collects in the sump well. 
A sump pump is installed in the well to 
expel the water to the outside of the build- 
ing where it can properly drain. 


MOLD PREVENTION 


Mold is becoming an increasing 
concern in building construction. 
Many construction materials 
are exposed to adverse weather 
conditions, such as rain and 
snow, and take on moisture dur- 
ing exposure. Some construction 
materials, such as framing mem- 
bers, are enclosed behind finish 
materials, resulting in conditions 
prone to mold growth. Using 
proper construction materials 
and techniques can help reduce 
susceptibility to mold. 

In order for mold to grow, it 
requires a nutrient source, the 
appropriate temperature, and 
moisture. Materials containing 
cellulose, including paper, wood 
paneling, plywood, and OSB, are 
a good source of nutrition for 
mold. Traditional construction 
materials contain natural chemi- 
cals that resist mold growth. 
Synthetic construction materi- 
als, including pressed-wood 
products, do not contain these 


natural chemicals and are more 
susceptible to mold growth. 

Mold can grow at a wide range 
of temperatures, depending on 
the type of mold. Mold can sur- 
vive and grow at temperatures as 
low as 50°F or as high as 122°F. 
Since buildings are typically 
maintained at 65°F to 75°F, build- 
ing temperatures are appropriate 
for mold growth. 

Of the three requirements 
for mold growth, the only one 
that can be controlled is mois- 
ture. Sufficient moisture must 
be maintained for a period of 
time for mold to grow. Building 
moisture is affected by three 
factors: 

* water infiltration 

* building tightness 

* moisture condensation 

The building envelope must be 
properly enclosed to minimize 
water infiltration into a building 
and water accumulation on mold- 
susceptible materials. Water may 
penetrate a building envelope at 
the following locations: 

* roof leaks 

* foundation leaks 

* poorly designed or missing 

flashing 

* door and window leaks 
Regardless of the location or the 
cause, water infiltration must be 
prevented. 

New and improved materials 
and techniques have contrib- 
uted to the increasing tightness 
of buildings. In response to the 
energy crisis in the 1970s and 
the green building movement's 
growing influence, energy con- 
servation and efficiency are vital 
to today's buildings. Therefore, 
new materials and techniques 
have been developed to mini- 
mize air infiltration into a build- 
ing. In using these materials and 
techniques, less air is exchanged 
between the indoor and outdoor 
space. Since less air moves in 
and out of a building, mold 
spores have a greater opportu- 
nity to grow. 


In cold climates, moisture can 
accumulate in and on internal 
surfaces of external walls. 
When the temperature is at or 
below the dewpoint tempera- 
ture of the room, condensation 
may occur. This condensation 
provides the moisture required 
for mold to grow. 

In warm climates, moisture 
may accumulate on the back side 
of internal surfaces of external 
walls. The wall surface is cooled 
by air conditioning, moisture is 
not allowed to escape due to low- 
permeable wall covering, and the 
moisture will condense on the 
back side of the wall material. 
This condensation also provides 
moisture for mold growth. 


INSECT PREVENTION 


Insects, such as termites, carpen- 
ter ants, wood wasps, and wood- 
boring beetles, can cause serious 
structural damage to wood build- 
ings. Although most insect infes- 
tation occurs after construction 
is completed, precautions can 
be taken during excavation and 
foundation construction to mini- 
mize insect damage later. 


Termites * 


Termites are small insects that 
can cause serious structural dam- 
age to wood buildings. Termite 
species frequently encountered 
include eastern subterranean, 
Formosan, and drywood ter- 
mites. 

Two general categories of ter- 
mites are subterranean and 
nonsubterranean. Subterranean 
termites account for 9596 of ter- 
mite damage in the United States 
and require warm and moist 
conditions to survive. In the 
past, subterranean termites were 
a serious problem in the southern 
and western United States. In re- 
cent years, however, subterranean 
termites have become more active 
in northern regions. Improved 
methods of heating and insulating 
buildings have provided warm 
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and favorable conditions for year- 
round termite activity. 
Subterranean termites live in 
underground nests and build 
tunnels to travel to the earth sur- 
face. Termites attack the wood 
portion of a building in several 
ways. If the wood is in direct 
contact with the ground, termites 
can simply penetrate the wood. 
Termites also work their way up 
through small cracks in founda- 
tion walls and often build small 
mud tunnels up the outside of a 
foundation wall until they reach 
wood. Termites consume the 
interior of wood members but 
leave the outside shell to pro- 
tect themselves. For this reason, 
termite attack may go unnoticed 
until very serious damage has oc- 
curred. See Figure 41-8. 
Nonsubterranean, or dry- 
wood, termites have the abil- 
ity to live without moisture or 
contact with the ground. Non- 
subterranean termites can also 
cause damage, but they are re- 
sponsible for much less damage 
than subterranean termites. 


Termite Prevention. Termite 
prevention begins with proper 
foundation construction. Wood 
or wood-based materials placed 
too close to the ground increase 
the probability of termite attack. 
Local building codes usually 
specify the clearances required 
between wood members and 
the finished grades around a 
foundation. 

Since subterranean termites 
require moist conditions to 
survive, moisture control is an 
effective preventive measure, 
especially for buildings with 
crawl-space foundations. The 
ground should be graded to pre- 
vent water accumulation inside 
foundation walls. A properly 
installed vapor barrier is also 
helpful to control moisture. 
An adequate number of vents 
should be provided to ensure 
good circulation of air beneath 
the building. 

Pressure-treated lumber should 
be used for wood members close 
to or in contact with the ground. 
Chemicals forced into the 


"* 
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Figure 41-8. Termite damage may go unnoticed until the wood begins to crumble. 
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wood fibers increase resistance 
to termites. 

Local building codes may 
require metal termite shields. 
Termite shields are placed 
between the sill plate and 
top of a foundation wall. The 
shield should be made of 24 ga 
galvanized iron, extend 2" on 
each side of the wall, and be 
bent down at a 45? angle. Holes 
drilled in the termite shield 
for foundation bolts must be 
properly sealed. 

The use of soil treatment to 
prevent termites has increased 
in recent years. Special soil 
poisons are applied to the 
ground during construction. 
The poisons form a chemical 
barrier that is toxic to termites 
and other harmful soil insects. 
Refer to the local building code 
to determine whether soil poi- 
sons are permitted. The most 
effective termite prevention 
combines a number of the pre- 
vious recommendations. See 
Figure 41-9. 
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Figure 41-9. The most effective termite 
prevention includes treated lumber close 
to.the soil, a metal termite shield, and 
chemical treatment of the soil surrounding 
the upper part of the foundation wall. 


Wood-Boring Insects 


Although not as destructive as 
termites, a variety of other wood- 
boring insects can cause structural 
and cosmetic damage to a building. 
In their natural habitat, most wood- 
boring insects feed on the wood 
and bark of trees and shrubs. A 
building may be infested by wood- 
boring insects that have survived in 
lumber or may have been brought 
into a building with firewood. 
Other wood-boring insects are 
attracted to moist conditions. 
Examples of common wood- 
boring insects are carpenter ants, 
wood wasps, and wood-boring 
beetles. 


Carpenter Ants. Carpenter ants 
are black or red and black in 
color and range in size from 4” 
to 3⁄4” long. Winged carpenter 
ants are commonly mistaken for 
termites. Figure 41-10 provides 
a comparison between carpenter 
ants and termites. Buildings near 
wooded areas or brush-covered 
vacant lots are most vulnerable 
to carpenter ant infestation. 
Carpenter ants may migrate to 
buildings if there is a nearby 
ant colony and enter buildings 
through holes used for utility 
wiring and plumbing. Carpenter 
ants use wood as a nesting site, 
but do not eat the wood. Instead, 
they feed on other insects, plant 
juices, and food scraps. 
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Figure 41-10. Carpenter ants and termites 
are similar in appearance, but have a few 
distinguishing features. 


Southern Forest Products Association 


All lumber and plywood components of a building with a permanent wood foundation 
(PWF) must be pressure-treated to withstand decay from moisture and insect damage. 


The first step in controlling 
carpenter ant infestation is to 
locate the nests. Moist locations 
such as eaves, columns, porch or 
deck floors, and wood in contact 
with the ground are common 
nesting sites. Insecticides are 
applied to baseboards, mold- 
ings, and sill plates to treat 
carpenter ant infestation. To 
prevent future infestation, leaks 
should be repaired and good 
ventilation should be provided 
for roofs and crawl-space foun- 
dations. Tree branches touching 
a building and stumps near a 
building should be removed. 
Firewood should be stored 
away from the building and off 
the ground. 


Wood Wasps. Wood wasps, com- 
monly referred to as horntail 
wasps, are %” to 19$" long. See 
Figure 41-11. Although wood 
wasps are similar in appearance 
to other varieties of wasps, they 
are not aggressive and do not 
sting humans. Adult female 
wasps deposit eggs into dead 
or dying trees. Larvae develop 
from the eggs and feed on fun- 
gus within the wood, creating 
cylindrical tunnels within the 
wood. When the larva develops 
into an adult wasp, it chews its 
way out of the tunnel and will 
not return to deposit more eggs 
in the wood. 


Figure 41-11. Wood wasps cause cosmetic 
damage to structures. 


Wood wasps leave %” to V4" 
diameter holes when they 
emerge from wood. Typically, 
there are not enough holes to 
cause structural damage to the 
building. However, the holes 
may appear on the interior of 
a building. Wood wasps are 
known to bore through painted 
walls, linoleum, carpet, gypsum 
board, plaster, and nonceramic 
tile. Since wood wasps do not 
return to the wood from which 
they emerge, controlling exist- 
ing infestation is not an issue. 
In new construction, the use of 
kiln-dried lumber will ensure 
no infestation in the lumber. 


Wood-Boring Beetles. Wood- 
boring beetles feed on old and 
weakened trees, as well as 
fire- and insect-damaged trees. 
Typically, wood-boring beetles 
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do not attack harvested lumber. 
However, the presence of wood- 
boring beetles in structural 
lumber comes from harvest- 
ing lumber from infested logs. 
Wood-boring beetles are diffi- 
cult to control once they infest 
the lumber. 

Common wood-boring beetles 
include powderpost beetles, 
false powderpost beetles, and 
deathwatch beetles. See Figure 
41-12. Powderpost beetles are 
reddish-brown to black in color 
and range from V&" to 4" long. 
Powderpost beetles prefer hard- 
woods over softwoods since 
hardwoods have larger pores 
into which female beetles can 
lay their eggs. Since softwoods 
have smaller pores and have a 
low starch content, powderpost 
beetles typically do not infest 
softwoods. Tunnels produced by 
powderpost beetles run parallel 
to the wood grain and exit the 
wood as Me” diameter holes. 

False powderpost beetles are dark 
brown in color, and may have red 
mouths, legs, and antennae. False 
powderpost beetles range in length 
from 1⁄4” to 2". False powderpost 
beetles infest hardwood floors, 


Quick Quiz? 


P n s rs 
Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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paneling, and furniture. Adults of 
some species of false powderpost 
beetles are known to bore through 
soft metals such as lead. 

Deathwatch beetles are dark 
brown with patches of yellow 
hair and range in length from 
V4" to 9$". Deathwatch beetles 
prefer wood with a moisture 
content greater than 1496. They 
are primarily found in softwood 
lumber including studs, beams, 
and floor systems. 


Wood-Boring Beetles 
- A22 


POWDERPOST 


FALSE POWDERPOST 


Preventive measures to mini- 
mize infestation should be taken 
at all stages of lumber manufac- 
ture and handling. While kiln 
drying will destroy any infesta- 
tion, it will not prevent a reoccur- 
rence. Dead tree limbs and scrap 
lumber around buildings or near 
lumber storage areas should be 
removed. Wood can be protected 
by painting or varnishing to seal 
pores, cracks, or holes where eggs 
could be laid. 


DEATHWATCH 


Figure 41-12. Wood-boring beetles feed on old and weakened trees, as well as fire- and 


insect-damaged trees. 
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Floor, Wall, and Ceiling 
Frame Construction | 
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loor framing begins after 
the foundation work has 


been completed. In plat- - 


form construction, the floor 
unit is framed directly over the 
foundation walls or short stud 
walls used as cripple walls. 
Most floor units include posts, 
beams, joists, bridging or block- 
ing, and a subfloor. See Figure 
42-1. Posts and beams support 
the lapped or butted ends of the 
joists, or they may provide cen- 
tral support for long joist spans. 


Bridging or blocking keeps the - 


joists aligned and helps to dis- 
tribute the load carried by the 
floor unit. The subfloor is the 


wood deck that rests on top of - 


the joists. 


FLOOR UNIT RESTING ON 
SILL PLATES 


The floor unit may be framed 
directly on the sill plates of a 
building with a crawl-space 
foundation and low foundation 
walls. See Figure 42-2. For a 
crawl-space foundation, one end 
of the joists rests on the outside 
foundation walls. The lapped 
ends rest on top of an interior 
foundation wall running down 
the center of the building. Posts 
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and beams provide midspan sup- 
port to the long span of the joists. 
There should be at least 18" clear- 
ance between the bottoms of the 
floor joists and the soil, and at 
least 12" between the bottom of 
the beam and the soil. 


Basic Parts of Floor Units _ 


The floor unit may also be 
framed directly on the sill 
plates of a building with a full- 
basement foundation and high 
foundation walls. In this case, 
one end of the joists laps over 
a beam. 


TYPICAL BUILT-UP 
BEAM—THREE 2x 
SPIKED TOGETHER 


WOOD POST 
APPROXIMATE 
THICKNESS OF BEAM 


STEEL ANGLE BRACKET 


STRAIGHT LINE 
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Figure 42-1. Basic parts of a floor unit include posts, beams, joists, bridging or blocking, 
and a subfloor. Floor framing begins after foundation work is completed. 


FLOOR UNIT RESTING ON 
CRIPPLE WALLS 


Cripple walls are used to extend 
the height of low foundation 
walls, usually for a full-base- 
ment house. See Figure 42-3. 
Under some conditions, cripple 
walls are less costly than the ad- 
ditional concrete and formwork 
required for higher foundation 
walls. Cripple wall studs are 
toe-nailed to the sill plates and 
are commonly spaced 16" OC. 
Cripple wall studs should be 
no smaller in cross section than 
wall studs above the floor. Floor 


joists placed on top of the wall 
should be directly above the 
cripple wall stud (stacked). 

A. stepped foundation is an- 
other example of where cripple 
walls are used to reduce con- 
struction costs. Stepped foun- 
dations are needed on hillsides 
and steeply sloping lots. In a 
typical stepped foundation, the 
floor unit rests directly on the 
sill plate at the highest area of 
the foundation. Cripple walls 
are placed over the lower walls, 
and in that area the floor unit 
rests on the cripple walls. 


Floor Unit over Crawl-Space Foundation - 


| Figure 42-2 
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Figure 42-2. When constructing a floor unit resting on sill plates with a crawl-space foun- 


dation underneath, an 18" minimum clearance should be maintained between the bottoms 
of floor joists and the soil, and 12" between the bottom of the beam and the soil. 


Floor Unit over Crip D 
Figure 42-3 P 
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Figure 42-3. Cripple walls, including sill plates and studs, are used to extend 


SUBFLOOR 


POSTS AND BEAMS 


Posts and beams help support 
the floor joists and subfloor. Posts 
and beams may be steel or wood, 
and their size depends upon the 
load they are required to carry. 
The dimensions and placement 
of beams are shown on a founda- 
tion plan. 


Wood Posts 


Wood posts are placed directly 
below wood beams. In gen- 
eral, the width of the wood post 
should be approximately equal to 
the width of the beam it supports. 
A 4” wide beam requires 4 x 4 
or 4 x 6 posts. An 8” wide beam 
requires 6 x 8 or 8 x 8 posts. 

The bottom of each post may 
be nailed to a pier block that is 
secured to the top of a concrete 
pier. Another method is to place 
a V?" steel dowel in the con- 
crete pier at the time concrete 
is placed. The dowel fits into a 
hole drilled at the bottom of the 
post and holds the post in posi- 
tion. See Figure 42-4. The dowel 
should extend at least 3” into the 
concrete and 3” into the post. 

Fixed metal post bases are 
placed when concrete is placed. 
An adjustable post base is placed 
after the concrete has set. A J- 
bolt may be set into the concrete 
as it is placed, or a hole can be 
drilled and a threaded rod fixed 
into place with epoxy. Figure 
42-5 shows two types of metal 
bases that are set into a concrete 
pier when concrete is placed. A 
wood post fits into the base and 
is secured to the base with lag 
bolts. No bolts or other fasteners 
are required to attach the base to 
the concrete. These bases must 
be positioned in the concrete 
very accurately. 


Unit 42 Floor Framing 345 


BRACKETS 


STEEL DOWEL 


EMBEDDED IN PIER 


Figure 42-4. Posts are fastened at the 
top of the pier and at the bottom of the 
beam. 


An adjustable, or elevated, 
metal base may also be used to 
support a wood post and provide 
moisture protection for the post. 
An adjustable base is secured to 
concrete using a V2" J-bolt set in 
the concrete when concrete is 
placed. A standoff plate provides 


Heavy timber posts and beams require similar, but heavier gauge, post bases and caps. 
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a flat bearing area for the post 
and keeps the post 4e" above the 
concrete surface to guard against 
wood rot and termite damage at 
the bottom of the post. A slotted 
adjustment plate permits move- 
ment for plumbing the post. 

The top of each post is fastened 
to the bottom of the beam. Angle 
iron or a metal connector is typi- 
cally used to create a strong tie 
between the beam and post. 

Figure 42-6 shows two types 
of metal post caps used to tie 
together wood posts and beams. 
Post caps are nailed or bolted to 
the posts and beams. The twin- 
design post cap can be installed 
after the beam has been placed on 
top of the post since it is available 
in two pieces. 


Wood Beams * 


Wood beams, also referred to 
as girders, may consist of a 
solid timber, built-up lumber, 
or engineered products such 
as glulam or laminated veneer 
lumber. A built-up beam, for ex- 
ample, may be fabricated with 
two or three or more planks. 
Joints between the planks are 
staggered. When assembling a 
built-up beam, the joints of the 
planks should fall directly over 
a post. See Figure 42-7. Three 
16d nails are driven at the ends 
of the planks, and other nails 
are staggered 32" OC. 


Post Bases — ` 
Figure 425 
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Figure 42-5. No bolts or other types of 
fasteners are necessary to secure the fixed 
post bases to concrete; the lower section 
of the base is set into a concrete pier 
when concrete is placed. An adjustable 
post base should have 1" to 2⁄2” standoff 
height above the concrete. An adjustable 
base is secured in position by drilling a 
hole into hardened concrete and fixing a 
threaded rod into place with epoxy, or 
by setting a J-bolt into fresh concrete. 


Metal Post Caps Used with Posts and Beams_ 
Figure 42-6 e 
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Figure 42-6. Metal post caps tie together posts and pns 
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Figure 42-7. Joints 
a post. 
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on a built-up beam are staggered. Plank joints occur directly over 


Glulam beams and laminat- 
ed veneer lumber (LVL) beams 
are used for residential and 
heavy timber construction. 
Glulam beams and LVL beams 
consist of flat pieces that are 
glued and pressed together 
under intense pressure. 

The ends of a beam often rest 
in pockets formed in a concrete 
wall. When beam pockets are 
used, the beam ends must bear 
at least 4" on the wall, and the 
pocket should be large enough 
to provide 12” clearance around 
sides and end of the beam. 
The ends of the beam should 
be treated with a preservative 
to avoid termite damage. As a 
further precaution, the beam 
pocket should be lined with 
galvanized metal. 

Beams are classified as non- 
load-bearing and load-bearing 
according to the amount and 
type of load they support. Non- 
load-bearing beams are for 
cosmetic purposes only and do 
not support loads. Load-bearing 
beams must support a wall framed 
directly above, as well as the live 
load and dead load of the floor. 
The dead load is the weight of 
the material used forthe floor unit 
itself. The live load is the weight 
of people, furniture, appliances, 
and other items placed on the 
floor after its construction. 


Allowable Spans for Beams. The 
allowable span, also referred 
to as the clear opening, is the 
distance between supporting 
posts permitted for different size 
beams. Factors such as beam 
size, grade of lumber, and weight 
oflive and dead loads determine 
allowable beam spans. Tables 
are available for determining the 
allowable beam size for differ- 
ent species of lumber (and steel 
beams) and different live loads 
and dead loads. The table in Fig- 
ure 42-8 is used to determine al- 
lowable beam size for Southern 
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Pine beams supporting a 40 pound 
per square foot (psf) live load and 
10 psf dead load. The load dura- 
tion factor shown at the top ofthe 


table is an engineering calculation 
relating to the capability of the 
wood to carry maximum loads for 
longer or shorter durations. 


" 
Lie i. 2 


xd 


Determining Allowable Beam Sizes 
Figure 42-8 AL 2m" : 


EXAMPLE i: — — 4 
Span of supported floor framing = = 20’ 


CLEAR 
[7— OPENING 


TABLE 13—40 psf LIVE LOAD, 10 psf DEAD LOAD, 
1.00 AREA, DURATION FACTOR" 


. (2) 2x 10s (2)2x12s : 


- (2) 2x 12s (2) 2 x 12s 

(2) 2x 12s (3) 2 x 10s (3) 2 x 12s 

(3) 2 x 10s (3)2x12s .. (3) 2x 12s... (4) 2 x 12s 
(32x12s | (32x125 4)2x12s  (4)2x 12s 
No. 1 (2) 2 x 12s (4)2x12s5 (4)2x12s  31/2x 123s 31/2 x 123/8 - 
(4) 2 x 12s 31/2 x 123% 31/2 x 133/4 31/2 x 1337/4 31/2 x 133/4 ` 
 (4)2x12s_ 32x 1394 . Gia x133/4 .. 312x 137/4 - 312x 15'/s ` 
3j. | 32x15%  QOixi5!s . 32x15- 32x158 © 
« Ble x 15's 3t/2x 15% 31/2 x 15 1/6 31/2 x 161/2 Bi/ex 161/2 : 
18’ * BVex15Ys 32x 16/2 . 31/2 x 161/2 S'ax16'/ 32x 177/s . 
8 (2)2x12s  (2)2x12s  (3)2x10s (32x10s  (3)2x10s — 
(32x10s (3)2x12s (3) 2 x 12s (3) 2x 12s . 
(32x12s (3)2x 12s (4)2x125 (4)2x12s . 
(4)2x12s .(4)2x12s5.. (4)2x 12s 32x11 . 
(4)2x 128 . 32x 11 34/2 x 123 — 
No. 2 31/2 x 123/3 | 31/2 x 123/8 31/2 xX 123/5 - 
14 31/2 x 123/s 31/2 x 12375 ` 3v; s 13⁄4 31/2 x 133/4 3Uax183/4 — 
15 . > Sie x 12? S'/ax133/4 31/2 x 39/4 31/2 x 133/4 312 x 151/3 : 
312x 15's |} 31x 151 1 3x15 ^ Six i5Ms 
17 31/2 x 15!/s 3/sx15!/s ^ 3'/ex 15'/s 31/2 x 161/2 3'/sx 162 © 
18’ o 32x15 VY 31/25 161/2 — Sue x 161/2 31/2 x 161/2 Sua X 177/s. - 
8 © (3) 2x 125 (32x12s  (4)2x12s (4) 2 x 12s ` (4)2x 12s . 
9' (4) 2 x 12s (4) 2x 12s. (4)2x 12s 31/2 x 95/s 312x 95 - 
10’ (4) 2x 12s 31/2 x 95/a 31/2 x 95/s 31/2 x 95/s g'/aox95/s 
Mmi" m i/o 95/5 31/2 x 95/ |. Slax11 32x 11 312x11 ` 
1 0 32x11 - : woe S!» x 129/s - 
No. 3 13’ gd'ax11 > St/ex 12%. 3/2 x 123/s 31/2 x 12% ^ 3'bx129/s ` 
14’ © 312x1233 81/2 x 12% Sl x 13/4 31/2 x 133/4 31/2 X 133A © 
1» 3 & SUex 129/ =. Sox 133/4 | 312x 133/4 31/2 x 133/4 31/2 x 15'/5 ` 
31/2 31/2 x 15!/s |^ 31/2 x 15t/s 31/2 x 151/8 31/2 x 151% - 
qa - Glexi5!a =- Glxi5!/s > 3'sxi15t/s 31/2 x 161/2 312x1612 i 
TOSS 312x 15s.. 312x1612- 32x162 3Vex 162 312x 17e ` 


Southern Forest Products Associotion 
* italicized dimensions are built-up beam dimensions; nonitalicized dimensions are glulam beam dimensions 


Figure 42-8. Allowable beam sizes are based on the span of supported flooring, clear opening, lumber grade, and live and dead loads. 
This table is for a floor beam supporting a 40 psf live load and 10 psf dead load. 
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Steel Pipe Columns 


Steel pipe (Lally) columns are of- 

ten used as posts in wood-framed 
buildings, and can be placed 
beneath either steel or wood 
beams. See Figure 42-9. The base 
ofa steel pipe column is bolted to 
the top of a pier or floor slab. The 
bolts holding the base must be ac- 
curately set into the concrete dur- 
ing concrete placement. The cap 
at the top ofa steel pipe column is 
secured with machine bolts and 
nuts or by welding when it is at- 
tached to a steel beam. Lag bolts 
are used when the columns are 
attached to a wood beam. Figure 
42-10 shows a hollow steel sec- 
tion (HSS) column supporting an 
LVL beam. 


Steel Beams * 


A standard steel beam, called a 
wide-flange beam, is commonly 
used with wood framing. Wood 
joists either rest on top of the 
beam or butt against the sides of 
the beam. Figure 42-11 shows a 
wood plate attached to the top of 
a steel beam to provide a nailing 
base for joists. 

A wide-flange beam is a struc- 
tural steel member with parallel 
upper and lower flanges that are 
joined with a web. On construc- 
tion prints, a wide-flange beam 
is designated with the letter “W” 
followed by the measurement to 
the outside edges of the flanges 
and the weight per running foot. 
For example, a W14 x 34 beam 
measures 14" outside the flanges 
and weighs 34 lb/ft. 


Placing Wood Posts and 
Beams 


Posts must be cut to length and 
set up before the beams can be 
installed. The upper surface 
of the beam may be aligned 
with the upper surface of the 
foundation sill plate, or the 
beam ends may rest on top of 
the walls. Long beams must 
be placed in sections. Solid 
beams must be measured and 


cut so that the ends will fall 
over the center of a post. Built- 
up beams should be placed so 
that their joints fall over the 
posts. 


A V?" clearance must be pro- 
vided at the ends of wood beams 
to allow for expansion and 
contraction of the beams and to 
allow air circulation. 


Parallel strand lumber (PSL) is commonly used as load-bearing beams that span longer 


areas. 


Steel Pipe (Lally) Column Construction 


Figure 42-9 — 


STEEL PIPE CONCRETE 
COLUMN Don 


STEEL . | 


| MACHINE 
BOLTS AND 
NUTS 


Pa 

STEEL 
PIPE 

COLUMN 


STEEL 
BEAM 


BUILT-UP 
WOOD BEAM 


STEEL PIPE 
COLUMN 


Figure 42-9. Steel pipe columns are frequently used to support steel beams or wood 


beams. 


pi Mia Wo " T w 
Figure 42-10. A hollow steel section col- 


umn may be used to support the end of 
an LVL beam. 


Figure 42-11. Wood plates may be attached 
to the top of wide-flange steel beams with 
a powder-actuated tool. 
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One procedure for placing Setting Wood Posts and Beams 


posts and beams using a line , Mappa ———— 
stretched from opposite walls | Figure 42-12 enm Ads. 

is shown in Figure 42-12; in this SEFA MAMET RSE Hie 

procedure, the upper surface of -——— V —- BEEN — —— (0 

the beam is aligned with the ;| MEASURE DOWN FROM = 

upper surface of the sill plate. a e DENN 


The same procedure can also be 
performed using a laser level or : RS i 
other surveying equipment. | - "uh 


FLOOR JOISTS Stretch line between walls. Measure down to top of pier. Subtract depth of 
; beam from this measurement to determine post length. 
In platform framing, one end 


of the floor joist rests directly SETANDPLUMB | 

j j : WOOD POST. TIE IN ; 
on the sill plate of the exterior P CARROS a | f 
foundation wall or on the top a| TEMPORARY BRACES. J à 


plate of a framed outside wall. 
The bearing surface should be 
at least 177". The opposite end of 
the joist laps over or butts into an 
interior beam or wall. The size of 
joist material (2 x 6, 2x 10, 2 x 12, 
etc.) is determined by consider- 
ing the span and weight of the 
load to be carried. The founda- 


o Cut post and set it on top of pier. Plumb post and secure in position with 
temporary braces. 


BUTT JOINT OVER POST 


tion plan usually specifies joist ANGLE IRON /- FESIEBUBDIEJSUE 
size, joist spacing, and direction | BEAMSET BRACKET OF WOOD POST 
the joists should travel. NAOCKETS 

Floor joists are typically spaced zi 
16" or 19.2" OC. However, some Te 
systems allow wider spacing 


(24” to 32") between floor joists. © Place and fasten beam to top of post. 

Narrower joist spacing amey be Figure 42-12. When placing wood posts and beams, the top of each beam should be 
specified based on joist span aligned with the upper surface of the sill plate. 

and anticipated loads. 


Allowable Joist Spans  * 


Tables are available for finding the 
allowable joist spans for different 
species of lumber as well as dif- 
ferent live loads and dead loads. 
Figure 42-13 shows a table provid- 
ing allowable joist spans between 
exterior walls or posts for a variety 
of framing lumber species sup- 
porting a 40 psf live load and 10 
psf dead load. Species, lumber 
grade, and loads are key factors in 
determining joist spans. 


m A expansion gap mustbe < 
E provided at the ends of wood 
be beams. 


One end of the floor joists rests directly on the sill plate of an exterior foundation wall. 
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Determining Allowable Joist Spans 
Figure 42-13 -— ——À 


EXAMPLE 1: 
Species = Western woods 
Grade = No. 1 
Jois! é 


FLOOR JOISTS 


Design Criteria: 
Strength—40 Ibs. per sq. ft. live load, plus 10 Ibs. per sq. ft. dead load. 
Deflection—Limited to span in inches divided by 360 for live load only. 


404 LIVE LOAD 10# DEAD LOAD L/360 


12-10 11-11 19-1 16-4 
12-7 11-8 18-9 16-0 
12-4 11.0 185 15-0 
11-8 10-5 18-0 14-8 
8-11 80 13-9 1 10-11 


11-7 10-9 17-3 14-9 
11-3 10-6 14-5 
11-0 10-2 13-10 
8-8 7-9 10-7 


Douglas fir- Sel. Struc. 

darch No. 1 & Btr. 11-2 

No. 1 5510-11 
No. 2 » 10-9 
No. 3 


Douglas fir- Sel. Struc. 10-3 
jsouth No. 1 
No, 2 
No. 3 


Hem-fir - Sel. Struc. 
sE gi No. 1 & Btr. 
~~ No. 1 

No. 2 

No. 3 
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oy 
e 


wd € «o «o (D 


9 Qo oo: 
o0 0 — 
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pomy 
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12-1 11-3 15-5 
11-0 15-1 
10-10 14-10 
10-2 13-10 
7-9 135 11-8 10-7 


10-6 16-10 15-8 14-5 
16-5 14-11 14-0 

15-11 14-6 13-3 

11-0 10-1 


14-11 14-0 

12-4 
13-6 12-4 
10-1 9-2 
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Figure 42-13. Allowable floor joist spans are based on the lumber species and grade, and joist size and spacing. 


Supporting Joists over 
Exterior Walls 


Floor joists are supported and 
held in position over exterior 
walls by header joists or by solid 
blocking between the joists. 


Header joists are used more 
often. 


Header Joists. Header joists, also 
known as rim or band joists, run 
along the outside walls. Three 
16d nails are driven through the 


header joists into the ends of the 
regular joists. See Figure 42-14. 
Header joists prevent the regular 
joists from rolling or tipping, sup- 
port the wall above, and fill in the 
spaces between the regular joists. 
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REGULAR JOISTS 
FASTENED TO 
HEADER JOIST WITH 
THREE 16d NAILS 


FOUNDATION 
WALL 


Figure 42-14. Header joists prevent regu- 
lar joists from rolling or tipping, support 
the wall above, and fill spaces between 
regular joists. 


Blocking between Joists. An- 
other system of providing exte- 
rior support to joists is to place 
solid blocking between the 
outside ends of the joists. This 
allows the ends of the joists 
to have greater bearing on the 
outside walls. 


Interior Support of Joists 


Floor joists typically extend 
across the full width of the 
building. However, extremely 
long joists are expensive and 
difficult to handle. Therefore, 
two or more shorter joists are 
used instead. The ends of these 
joists are supported by lapping 
or butting them over a beam, 
butting them against a beam, 
lapping them over a wall, at- 
taching them over a steel beam, 
or butting them against a steel 
beam. 


Joists Lapped over Beams or 
Walls. Often, joists are lapped 
over a beam running down 
the center of a building. The 
lapped ends of the joists may 
also be supported by an interior 
foundation or framed wall. It is 
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standard procedure to lap joists 
the full width of the beam or 
wall supporting them. See Fig- 
ure 42-15. The minimum lap 
should be 4”. Joists should not 
extend more than 4" past the 
beam. Solid blocking is installed 
between the lapped ends as the 
joists are placed or after all the 
joists have been nailed down. 


Southern Forest Products Association 


Figure 42-15. Joists should be lapped the 
full width of the beam or wall supporting 
them. 


Joists Butted over Beams. The 
ends of the joists can also be 
butted over a beam. The joists 
should then be scabbed together 
with a metal or wood tie. See 
Figure 42-16. The ties can be 
omitted ifthe plywood subfloor 
panels straddle the butt joints. 


Joists Butted against 
Wood Beams 


Metal joist hangers are required 
when joists butt against a beam 
or ledger board. Joist hang- 
ers are metal connectors that, 
when properly installed, pro- 
vide a stronger joint than nails 
alone. Joist hangers may also 
be installed at the connection 
between wood girders or other 
joists. Joist hangers are available 
in many sizes and configura- 
tions to support different lum- 
ber sizes and engineered wood 
products, such as wood I-joists. 
Joist hangers are available with 
galvanized finishes or as stain- 
less steel. 


ae 


Joist Hangers 
Media Clip 


BUTT JOINT 
OVER BEAM 48GA 


METAL TIE 


TOENAIL THREE 8d 
NAILS IN EACH PAIR 
OF JOISTS (TWO NAILS 
ARE ON OTHER SIDE) 


METAL TIE 


^ BUILT-UP 
BEAM 


WOOD TIE 


Figure 42-16. Joists butting over a beam 
should have the ends scabbed together 
with a metal or wood tie. 


Face-mount and top-flange 
hangers are the most common 
types of joist hangers. See Figure 
42-17. The flanges of face-mount 
hangers are fastened to the face of 
a wood beam or ledger board us- 
ing galvanized nails. Heavy-duty 
face-mount joist hangers may be 
fastened to the beams or ledger 
boards with nails or screws. The 
flanges of top-flange hangers are 
fastened to the top of wood beams 
using galvanized nails. Top-flange 
hangers are faster and easier to 


install and support heavier loads 
than face-mount hangers. Joist 
hangers are available for solid 
lumber or engineered lumber for 
skewed (angled) and adjustable 
applications. 

Double-shear joist hangers 
provide greater strength than 
standard joist hangers of the 
same size and are easier and 
more economical to install. Joist 
fastener holes are capped with 
a dome or tab to guide the nails 
through the joist and supporting 
member at a 45° angle, result- 
ing in a strong connection. See 
Figure 42-18. 


Joist Hangers 
| Figure 42-17 


LEDGER 
BOARD 


JOIST 


When installing joist hangers, 
select the deepest hanger that 
fits the joist being installed. 
Galvanized nails should be used 
to install the joist hangers per 
the manufacturer’s instructions. 
In some cases, nails may have 
a mark on the head for ease of 
identification for inspection 
after installation. Tables that 
provide general load and instal- 
lation information are provided 
by manufacturers. See Figure 
42-19. Improperly installed 
joists may not be able to support 
anticipated loads and can result 
in floor squeaks. 


JOIST HANGER 
SPANS BEAM 


FACE-MOUNT 
JOIST HANGER 


FACE-MOUNT TOP-FLANGE 


JOIST HANGER SPANS 
TOP AND BOTTOM FLANGES 
WHEN WEB STIFFENER NOT USED 


JOIST HANGER FASTENED 
THROUGH WEB STIFFENER 
AND WOOD I-JOIST 


Bean JOIST END 
SQUARED OFF 


TAB BENT WHEN WEB 


JOIST STIFFENERS ARE NOT USED I-JOIST 


WOOD I-JOIST 


ADJUSTABLE 


Figure 42-17. Joist hangers are available in a variety of standard configurations. Face-mount and top-flange joist hangers are the most 


common types. 
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aE e 


PE 
DOUBLE SHEAR NAILING HEMIA 


Figure 42-18. Dauble-shear jaist hangers pravide greater strength than standard jaist 
hangers. 


JOIST HANGER 
SIZE SPECIFICATIONS 


REQUIRED FASTENERS TO 
ACHIEVE ALLOWABLE LOADS ALLOWABLE LOADS 


Uy 12 m 9 


R i & 610 v. D: * sme: Moos 
20 1% 6% 1% 8-10d 8-16d 6-10dx1% 735 850 890 1065 1020 12251110 1300 +13% 2, 40,121 
LUS210 - Wis 194 810d = 410d | 930 “1470 — 1595 — +15%  4,97,87, 121,133,140. 


Luzio - he ' 1330 1275 130 1990 1660 +28% 2,404201. 


+180% 160) 


44 the T6 DÀ +225% 26, 83, 144 


/MUSMI0 16 1% 9 3 — 30160 10460. _+450% 4,97, 87,133 


LUS 748. 3% 7h) Pee Bad 446d _ Lowest 1, 84, 133 < 


HEADER FASTENER 
HOLES (10) 


JOIST FASTENER 


HOLES (6) ALL HEADER FASTENER 


HOLES FILLED WITH 


gi OR 16d NAILS 


[d JOIST FASTENER HOLES 
FILLED WITH 10d x 172" NAILS 


Figure 42-19. Always refer ta manufacturer installatian informatian regarding the proper 
nail size and required number af nails in the header and the jaist. 
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Joists Supported by Steel Beams. 
Often, wood floor joists are sup- 
ported by a steel beam instead 
of a wood beam. The joists may 
rest on top of the steel beam 
and sill plate as shown in Fig- 
ure 42-20. A plate is fastened 
to the beam and the joists are 
toenailed into the plate. 


BOLT, NUT, 
AND WASHER 


STEEL BEAM 


Figure 42-20. A sill plate can be balted ta 
the tap af a steel beam. Jaists are taenailed 
ta the plate. The sill plate may alsa be 
attached to the steel beam with a pawder- 
actuated taal. 


Joists Butted against Steel 
Beams. Joists can be butted to 
a steel beam by welding joist 
hangers to the upper surface 
of the beam. Hot-dipped galva- 
nized nails are driven through 
the hangers to secure joists in 
position. See Figure 42-21. 

The joists can also be notched 
to fit and butted against the sides 
of a steel beam. When joists are 
notched to fit against the sides of 
the beam, 32” clearance should 
be allowed above the top flange 
of the beam to allow the wood 
to shrink without splitting. In 
some situations, opposite pairs 
of joists are scabbed across the 
top with a metal tie. In addition, 
a wide plate may be welded 
to the bottom of the beam to 
provide better support. Wood 
blocking is placed at the bottom 
of the joists to help keep them 
in position. 


Doubled Joists 
Joists should be doubled under 


partitions that run in the same 
direction as the joists. Some 
walls have water pipes, vent 
stacks, or heating ducts coming 
up from the basement or the 
crawl space below. Blocks are 
placed between the doubled 
joists to allow space for these 
utilities. See Figure 42-22. 


Cantilevered Joists 


Cantilevered joists are used 
when a floor or balcony of a 
building projects past the wall 
below it. See Figure 42-23. The 
permissible amount of canti- 
lever is based on the intended 
application. For exterior load- 
bearing walls and roofs, 1' of 
cantilever is allowed per each 
3' of backspan (amount of joist 
on opposite side of load-bearing 
wall). For exterior balconies, 1' 
of cantilever is allowed for each 
2' of backspan. A header joist is 
nailed to the ends of the joists. 
When regular floor joists run 
parallel to the intended over- 
hang ofthe floor, the inside ends 
of the cantilevered joists are 
fastened to doubled joists. See 
Figure 42-24. Nailing should 
be through the first regular joist 
into the ends of the cantile- 
vered joists. Metal connectors 
are strongly recommended and 
often required by the building 
code. A header joist is also 
nailed to the outside ends ofthe 
cantilevered joists. 


Bridging berween Joists 


Many local building codes 
require bridging between the 
joists. The bridging keeps the 
joists aligned and helps dis- 
tribute the load carried by the 
floor unit. Bridging is typically 
required when the joist spans 
are greater than 8’. Joists with a 
15’ span need one row of bridg- 
ing down the center of the span. 


Attaching Wood Joists to Steel Beams 
Figure 42-21 a «4 — 


JOIST HANGER 
WELDED TO BEAM 


STEEL BEAM 


JOIST HANGER 
ATTACHED TO JOIST PER 
MANUFACTURER SPECIFICATIONS 


2x4WOOD BLOCKING 
PLACED BETWEEN JOISTS 
TO MAINTAIN POSITION 


Figure 42-21. Joists butted against a steel beam may be supported with joist hangers or 
a steel plate welded to the bottom of the beam. 


WATER SUPPLY PIPE 


HEATING DUCT 


DOUBLED 
JOIST 


and heating ducts to extend into a wall cavity above. 


For longer spans, such as an 
18’ span, two rows of bridging uy 
spaced 6' apart are required. 


Cross Bridging. Also known 
as herringbone bridging, cross 
bridging usually consists of 
1" x 3" or 2" x 2" wood mem- 
bers installed as shown in 
Figure 42-25. 
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Cantilevered Joists Project beyond : Outside Wall 


Figure 42- 23. 
A = 


HEADER JOIST: NAILED'TO ENDS 
OF CANTILEVERED JOISTS 


OVERHANG CONSTRUCTED 
(TO|'SUPPORT EXTENDED 
‘SECOND FLOOR! WALLS 


Figure 42-23. Cantilevered joists provide support for a floor or balcony that projects past 
the wall below it. 


Cantilevered Joist Framing (Parallel Joists) 


Figure 42-24, "m 
' s == SUBFLOOR REGULAR JOISTS 


DOUBLED JOIST 


JOIST HANGERS 


Il | HEADER JOIST | 
NAILED TO ENDS OF 
CANTILEVERED "i 


A. 
STUD WALL 


Figure 42-24. When I E e run parallel to ae intended overhang of the floor, 
the inside ends of the cantilevered joists are fastened to doubled joists. 


TOP PLATE 


EXTERIOR. 
STUD WALL 
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PRECUT 


CROSS BRIDGING 


Figure 42-25. Cross bridging is precut to 
fit between the joist spans. 


Cross bridging is toenailed at 
each end with 6d or 8d nails. 
The pieces are usually precut 
on a power miter box or radial 
arm saw. The nails are started 
at each end before the cross 
bridging is placed between the 
joists. The upper ends of the 
cross bridging are nailed into 
the joists and the nails at the 
lower end are not driven in un- 
til the subfloor has been placed. 
If both ends are nailed in place 
before the subfloor is placed, 
the joist could be pushed out 
of line when the bridging is 
nailed in. An efficient method 
for placing wood cross bridging 
is shown in Figure 42-26. 

Another approved system 
of cross bridging uses metal 
pieces instead of wood and 
requires no nails. See Figure 
42-27. Metal cross bridging is 
available for 12”, 16”, and 24” 
joist spacing. 


Cross bridging reduces the 
amount of floor deflection by 
spreading an applied load. The 
effectiveness of cross bridging is 
limited by the fasteners used to 
attach the cross bridging and the 
quality of the connection. If wood 
cross bridging splits while being 
installed or if the nail hits a knot 
and bends, the connection is not 
as effective. 


Installing Precut Wood Cross Bridging - 
Figure 42-26 arene ena 


— 
HEADER > As 


JOIST _ 


PE 


"d 


SMS 


MEASURE AND 
SNAP CHALK LINE SILL PLATE 


FOUNDATION WALL 


Snap chalk line where bridging is to be nailed between 
joists. 


LEST a m ga ps 


TOENAIL ALL TOPS 
IN THI 


N 


TURN AND TOENAIL IN 


OPPOSITE DIRECTION | 


S 
CROSS BRIDGING oy) PLATE FOUNDATION WALL 


END VIEW END VIEW 


Se" TOENAIL 
ALL TOPS 
STAGGER Jom mE , 


m wy | 


Reverse direction and nail 
tops of opposite pieces into 
place. 


stagger and nail tops of 
bridging. 


Figure 42-26. Wood cross bridging is installed by toenailing each end with 6d or 8d nails. Allow !&" space between adjacent bridging 
members to prevent them from rubbing together and producing squeaks. 


Installing Metal Cross Bridging 
| Figure 42-27 — | 
METAL CROSS 


SUBFLOOR 


PER NAILING 
FLANGE 


<$ LOWER 
NAILING FLANGE 


Strike flat end of lower 
nailing flange, driving 
upper nailing flange 
close to upper edge 
of joist. 


FLANGE 


FLANGE 


METAL CROSS BRIDGING 


puss 


Push lower end of 
bridging against lower 
edge of opposite joist. 


Figure 42-27. Metal cross bridging does not require nails for installation. 


Solid Bridging. Solid bridging, 
also known as solid blocking, 
serves the same purpose as 
cross bridging. Solid bridging 
is commonly used in conjunc- 
tion with cross bridging where 
non-standard joist spacing oc- 
curs. Solid bridging members 
are cut from lumber that is the 
same width as the joist material 


and are installed in a straight 
line or staggered. Straight-line 
bridging may be required ev- 
ery 4’ OC to provide a nailing 
base for the panel subfloor. 
If solid bridging is staggered, 
the members can be spiked 
from both ends, resulting in 
a faster nailing operation. See 
Figure 42-28. 


| Floor frames are bridged to 
9 prevent unequal deflection of the 
joists and to help solidify the frames. 
Bridging allows an overloaded joist 
to receive support from adjacent 
joists in the floor frame. Solid 
bridging provides maximum rigidity 
to the floor frame. 
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SOLID 


BRIDGING JOISTS 


Figure 42-28. Solid pieces are often used 
for bridging between joists. 


Floor, Fireplace, and 
Chimney Openings in 
Joists 

A floor opening must be framed 
where stairs rise to the floor. 
Fireplaces and chimneys also 
require specially framed floor 
openings. When joists are cut 
for floor openings, there is a 
loss of strength in the area 
of the opening. The opening 
must be properly framed to 
restore the lost strength as 
shown in Figure 42-29. 


Cross bridging keeps the joists aligned and helps distribute the load carried by the floor 


unit. 


Figure 42-30 shows the proce- 
dure for framing a floor opening. 
A pair of joists called trimmers 
are placed at each side of the 
opening to support the headers. 
The headers should be doubled 
if the span is more than 4’. Nails 


DOUBLED 
TRIMMER 


supporting the ends of the head- 
ers are driven through the trim- 
mers into the ends ofthe headers. 
Tail joists run from the header to 
asupporting wall or beam. Nails 
are driven through the header 
into the ends of the tail joist. 


FLOOR 
OPENING 


DOUBLED 
HEADER 


Beams must be properly braced to stabi- 
lize them during floor framing. 


Figure 42-29. Floor openings are required for stairways, fireplaces, and chimneys. 
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Typical Framing Procedure for Floor Openings 


| Figure 42-30 
" 


FOUNDATION ® 
WALL . 


HEADER JOIST 


Measure and mark positions of 
trimmers on outside wall and interior 
wall or beam. 


Fe | 


D 


Q 


o Fasten tail joists to outside headers 
with three 16d nails driven through 
headers into the ends of tail joists. 


Figure 42-30. When framing a typical floor opening, 


joists. 


x 


TRIMMERS ON 
MARKS AND 


OUTSIDE 
MARK 


Position and fasten inside trimmers 
and mark position of doubled header. 


DOUBLE THE 
HEADERS 


[5) Double the headers. Drive three 16d 

nails through trimmers into ends of 
doubled header pieces. Nail doubled 
header pieces to each other with 16d 
nails staggered 16" OC. 


D 


» POSITION OUTSIDE 


HEADERS BETWEEN 


yA ug 


Place outside headers between inside 
trimmers. Drive three 16d nails through 
the trimmers into headers. Mark the 
position of tail joists on headers 
following the regular joist layout. 


Q 
SS DOUBLE THE; 


TRIMMERS "s 
WN 


Double the trimmers and fasten them 
together with 16d nails staggered 
16” OC. 


headers are nailed to trimmers and tail joists are nailed to headers and header 
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Subfloor panels can be fastened to floor joists using pneumatically driven nails. 


Various metal connectors may 
also be used to strengthen a 
framed floor opening. See Fig- 
ure 42-31. 


Placing Floor Joists 


Before floor joists are placed, the 
sill plates and beams must be 
marked to show where the joists 
are to be nailed. Floor joists are 
usually placed 16" OC. Most car- 
penters use a 20' or longer steel 
tape for layout purposes, and 
these tapes have special markings 
every 16" and 19.2" to aid in joist 
layout. Some framing systems 
permit 24" OC joist spacing. Fig- 
ure 42-32 shows on-center layout 
for joists spaced 16" OC. 


l Figure 42-31 


FRAMING 
ANCHOR 


For joists that rest directly on 
the foundation walls, layout 
marks may be placed on the 
sill plates or the header joists. 
Lines must also be marked 
on top of the central beams, 
beams, or walls over which 
the joists will lap. If framed 
walls are below the floor unit, 
the joists are laid out on top 
of the double plate. The floor 
layout should also show where 
any joists are to be doubled 
because of partitions resting on 
the floor that run in the same 
direction as the floor joists. 
Floor openings for stairwells 
must also be marked. 


Figure 42-31. Various metal connectors are used to strengthen framed floor openings. 
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Joists should be laid out so that 
the edges of standard subfloor 
panels fall directly over the 
centers of the joists. This layout 
eliminates additional cutting of 
panels when they are being fitted 
and nailed into place. One meth- 
od of laying out joists is to mark 
the first joist 1514” OC from the 
edge of the building with sub- 
sequent joist spacing of 16” OC. 
See Figure 42-33. A procedure 
for laying out the entire floor is 
shown in Figure 42-34. 

Most framing members should 
be precut before construction 
begins. The joists should all be 
trimmed to their proper lengths. 
Cross bridging and solid blocks 
should be cut to fit between 
the joists that have a common 
spacing. The distance between 
joists is usually 14%” for joists 
spaced 16” OC. Blocking for the 
odd spaces is cut afterward. A 
typical procedure for framing is 
shown in Figure 42-35. 


Crowns. Most joists have a 
crown (a bow shape) on one 
edge. The edge of each joist 
should be sighted before it is 
nailed in place to ensure that 
the crown is turned up. The joist 
will later settle from the weight 
of the floor and straighten out. 


Marking Joist aso 
Figure MESZ s. 


>. 


Ae 


Me 


p 
ae 1. p 
n 1 v wc 
^6 td OT 
ap ——" 4 
P ON-CENTER LAYOUT REFERS TO 


CENTERLINE |. < MEASUREMENT TAKEN FROM EXACT CENTERS 


OF FRAMING MEMBERS, IN THIS CASE 16" OC 


d 


P p WHEN 16" OC LAYOUT IS MARKED 
j p" FROM LEFT SIDE OF WALL, X MARK 
i^ INDICATES THAT JOIST MUST BE 

NAILED TO RIGHT SIDE OF MARK 

MARKED FROM LEFT SIDE 


WHEN 16" OC LAYOUT IS MARKED 
FROM RIGHT SIDE OF WALL, X MARK ` 
INDICATES THAT JOIST MUST BE 
- NAILED TO LEFT SIDE OF MARK 
MARKED FROM RIGHT SIDE 


Figure 42-32. When laying out joists, an “x” mark indicates the side where the joists are to be nailed. 
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Floor Joists 16" OC with Panel Subfloor 
"ROS. eee . 


SILL PLATE 


= FOUNDATION WALL 


SILL PLATE 


FLUSH TO j D 
EDGE OF JOIST a LAYOUT FROM LEFT 


Figure 42-33. In this application, floor joists are placed 16” OC and layout has been started from the left side. The first joist is marked 
at 15%” to ensure that the 4’ or 8' edge of a panel will fall on the center of a joist. The layout for the following joists is then 16" OC. A 
doubled joist is laid out at the right. 


resale: Joist Layout o on a Sill Plates - 


AFTER SETTING 


JOISTS ON THIS SIDE END JOISTS, BEGIN 
PLACING REGULAR 
OF BUILDING WILL BE 
JOISTS TO LEFT OR 
NAILED TO LEFT OF RIGHT OF THEIR MARKS 
|] MARK BECAUSE OF LAP 
1 OVER CENTER BEAM Z 


DOUBLED 
JOIST 


SILL PLATES BOLTED TO TOP 
OF FOUNDATION WALL 


MEASURE 


FOUNDATION 
WALL AND MARK 


Figure 42-34. When laying out a floor unit, joist placement is marked on the sill plates. 
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Framing Floor Units 
Figure 42-35 a 


HEADER JOIST 


TOENAIL 16d 
NAILS 16” OC 


JOISTS LAPPED 
OVER BEAM 


TOENAIL THREE 8d 
NAILS (ONE NAIL IS 
ON OTHER SIDE) 


Set header and end joists. Toenail 


OC. Transfer layout from sill plate to 
header joists. 


joists into sill plate with 16d nails 16” 


S 


STAGGERED << 
BLOCKING Sy 
OVER BEAM 


© Place floor joists. (Omit joists in area 


where floor opening will be framed.) 
Drive three 16d nails through header 
joist into ends of each floor joist. 
Toenail other end of joist into beam or 
interior wall using three 8d nails. 


O 


SA 
SZ 


FOUNDATION 


Frame floor opening. Place blocking 
between lapped ends of floor joists. 
(Some carpenters prefer to place 
blocking at same time as joists are 
being set.) Install cross bridging or 
solid blocking where it is required 
between floor joist spans. 


Figure 42-35. A floor unit is framed by setting the header and end joists, placing the floor joists, and installing blocking and bridging. 


The floor opening is framed as described in Figure 42-30. Most framing members 


Installing Joist Hangers. Joist 
hangers may be specified and/ 
or required by the local build- 
ing code. After laying out the 
joist location on the beam, 
girder, or other structural mem- 
ber using the methods previ- 
ously described, draw plumb 
lines on the member and mark 
an “X” to indicate the side of 
the line where the joist will be 
installed. 

Two methods may be used 
to install joist hangers. One 
method involves toenailing 
the joist into position and then 
installing the joist hangers. 
The other method involves 
preinstalling the joist hangers 


and then installing the joists 
as follows: 

1. Insert a small block of joist 
scrap material into the joist 
hanger. See Figure 42-36. 

2. Carefully position the joist 
hanger on the structural 
member along the layout 
line. In some cases, the joist 
hanger may be flush with 
the top of the structural 
member while in other cas- 
es it may be placed lower 
along the line. 

3. Drive two nails through 
each side of the hanger and 
into the structural member. 
Some joist hangers have 
nailing tabs that can be 


should be precut before construction begins. 


driven into the structural 
member to hold it in posi- 
tion before nailing. 

4, Remove the joist block and 
finish nailing the hanger on 
each side. 

5. Cut all joists to length 
and place the ends in the 
hangers. 

6. Drive the nails through the 
joist hangers and into the 
joist on each side. 

In most cases, all nail holes in the 
joist hangers must be filled with 
nails to support the design loads. 
Always refer to the manufacturer 
instructions regarding the size, 
type, and number of nails to be 
used in each joist hanger. 
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Installing Joist Hangers 


| Figure 42-36 


JOIST HANGER 


JOIST SCRAP BLOCK 


(1) Place joist scrap in joist hanger. 


DRIVE NAILS INTO 
eiue eus HOLES 


Remove block and complete 
nailing into structural member. 


“X” INDICATES SIDE OF 
LINE THAT JOIST IS 
INSTALLED ON 


Position joist hanger along 
layout line. 


Cut joists to length and place in 
joist hangers. 


DRIVE TWO NAILS INTO EACH 
FLANGE OR DRIVE NAILING TAB 


© Fasten hanger to structural member. 


NAILON 
EACH SIDE 


O Complete nailing into joist. 


Figure 42-36. Joist hangers can be installed prior to installing the joists. Joist hangers may be installed using a hammer, palm nailer, 
or pneumatic nailer specifically designed for metal connectors. 


SUBFLOOR * 


The subfloor, also known as 
rough flooring, is nailed to 
the top of the floor frame. See 
Figure 42-37. The subfloor 
strengthens the entire floor unit 
and serves as a base for the fin- 
ish floor material. The walls of 
a building are laid out, framed, 
and raised into place on top of 
the subfloor. Panel products are 
typically used for the subfloor. 

Plywood is the oldest type 
of panel product used for the 
subfloor in residential and other 
light-framed construction. How- 
ever, the use of non-veneered 
panels such as oriented strand 
board and composite board con- 
tinues to grow. Manufacture and 
composition of nonveneered 
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panel products is discussed in 
Section 2. 


APA—The e ene Wood Association 
Figure 42-37. Subfloor panels are placed 
over joists so the long sides run at a right 
angle to the joists. Note that the panel 
joints are staggered. 


Panels used for subfloors 
must be the proper grade 
and thickness for the floor 
system of the building. APA 


performance-rated panels meet 
the code requirements for 
subfloors in all parts of the 
United States. Subfloor panels 
may have square or tongue- 
and-groove (T&G) edges. 


Applying Subfloor 
Panels 


Subfloor panels are applied 
with the longer edge at a right 
angle to the joists. Blocking 
should be nailed under the long 
edges of panels if tongue-and- 
groove panels are not used. A 
V&" space should be provided 
between the end joints, with 
a Ys” space between the edge 
joints for square and T&G 
edges, except where otherwise 
indicated by the manufacturer. 
See Figure 42-38. 


Panel Sublfoor Blockin 
| Figure 42-38 a 


Vie" SPACE ON 
END JOINTS 


AA Se Y 
1 S qe Ud 
KN SKE VA 


V&" SPACE ON 
EDGE JOINTS 


HEADER JOIST 


and Nailin 


SPACE NAILS 
EVERY 10” ALONG 
FLOOR JOISTS 


REGULAR FLOOR 


JOISTS SPACED 16” OC 


Figure 42-38. Deformed-shank nails or deck screws fasten the subfloor to the joists. 


The nailing schedule for most 
types of subfloor panels requires 
6d common nails for materials 
up to 7$" thick and 8d nails for 
panels up to 1%” thick. De- 
formed-shank nails are strongly 
recommended. Nails are usually 
spaced 6” OC along the panel 
edges and 10” OC along the 
floor joists. 

No. 8 gauge deck screws are 
also used for fastening subfloor 
panels to the floor unit. Screw 
lengths range from 194" to 2⁄2”, 


depending on the thickness of 


the panel. A typical layout of the 
screws is 6” OC along the panel 
edges and 6” OC along the floor 
joists. In some cases, 12” OC is 
considered adequate spacing for 
screws along the floor joists. 
When installing subfloor 
panels, carpenters initially use 
just enough fasteners to secure 
the panels in position. When 
all the panels are placed, chalk 
lines are snapped to locate the 
centers of the joists below. The 


entire subfloor is then nailed 
or screwed down in one op- 
eration. Heavy-duty pneumatic 
nailers are used to drive nails. 
See Figure 42-39. Self-feeding 
electric screwguns are used 
to drive screws. A procedure 
for placing subfloor panels is 
shown in Figure 42-40. 


gain to ensure a stron 


Glue-Nailing Panels. For some 
construction projects, a con- 
struction adhesive is used in 
addition to nails or screws 
for fastening the panels to the 
joists. Although this system 
is commonly referred to as 


glue-nailing, a mastic adhesive 
rather than a glue is used. The 
mastic is applied to the up- 
per edges of the joists, and the 
panel is then set in place and 
fastened before the mastic sets. 
See Figure 42-41. The combina- 
tion of an adhesive with nails or 
screws helps to further stiffen 
the entire floor system. In addi- 
tion, there is less squeak to the 
floor, and the nails or screws are 
less likely to pop over a period 
of time. The nailing schedule 
for a glue-nailed panel requires 
nails or screws only 12” OC 
along the panel edges and along 
the joists. 


Installing Subfloor - 
Panels 
PEDIR Sea 


= 
t 
A 
c 


PNEUMATIC NAILER 


Quik Drive U.S.A., Inc. 


SCREWGUN 


Figure 42-39. Subfloor panels are attached 
to joists using a heavy-duty pneumatic 
nailer or self-feeding screwgun. 
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Setting Subfloor Panels - 
Figure 42-40 _ —— s 


SNAP 
CHALK LINE 


FLOOR JOISTS 
16” OC 


HEADER A 
JOIST << 


FOUNDATION 
WALL 


Measure in 4'-0" from each corner. 
Snap chalk line on top of joists the 
full length of building. 


CONTINUE WITH FULL PANELS 


SECOND ROW 
(4 x 4) 


Start second row with half-panel 
(4' x 4’) and continue with full panels 
(4' x 8’). 


ONE-HALF 
(4' x 4’) PANEL 


TWO FULL 
PANELS 


FIRST ROW 
OF PANELS 


Starting with full (4’ x 8’) panel, 
position and nail first row holding the 
panel edges even with the chalk line. 


PANEL EDGES 


STAGGERED 4'-0" APART 


Continue procedure described in 
steps 2 and 3 until all panels are 
fastened in place. 


Figure 42-40. Aligning the first row of panels with a chalk line 4'-0" from the edge of the 
building ensures that the first row of panels will be perfectly straight even if the edge of 
the building is not straight. When placing the remaining panels, drive a few fasteners 
to secure the panels in place. Then, snap chalk lines across the panels in line with the 
joist centers below and complete nailing or screwing down the panels. 


Pid 


APA—The Engineered Wood Association 


Figure 42-41. In the glue-nailed panel method, a construction adhesive is applied to the 
top of the joists before subfloor panels are placed. 


Post-and-Beam Subfloor 
System 


In a post-and-beam subfloor sys- 
tem, the floor unit receives its 
main support from floor beams 
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rather than from floor joists. See 
Figure 42-42. The beams are 
usually spaced 4' OC and are 
supported by wood posts resting 
on concrete piers. The subfloor 
panels are 1%” or 14" thick and 


have tongue-and-groove edges. 
Nails are 10d common, spaced 
6" apart. 


FLOOR UNDERLAYMENT * 


Floor underlayment consists 
of thin panels that are placed 
directly over the subfloor. See 
Figure 42-43. Underlayment 
provides a smooth, even sur- 
face for finish floor materials 
such as tile, linoleum, and 
carpet. Underlayment panels 
may be oriented strand board, 
plywood, particleboard, or 
hardboard. Underlayment pan- 
els must be a high grade of ma- 
terial that has good resistance 
to dents and punctures from 
concentrated loads. 

Some types of subfloor pan- 
els, such as APA performance- 
rated Sturd-I-Floor" panels, 
have surfaces that are smooth 
enough for the direct applica- 
tion of the finish floor materi- 
als. However, the surface of any 
subfloor becomes scratched, 
dented, and roughened during 
construction. For this reason 
it may be necessary to later 
place underlayment panels 
over the Sturd-I-Floor panels 
in the kitchen and bathroom 
areas, or anywhere else that 
resilient materials such as tile 
or linoleum will be used for 
the finish floor. Underlayment 
is also placed under tile and li- 
noleum to bring the finish floor 
up to the level of carpeted or 
hardwood floors in other parts 
of the building. 


Fastening Methods for * 
Underlayment 


The APA nailing schedule for 4" 
thick plywood under-layment 
recommends 3d ring-shank nails 
or 16 ga to 18 ga staples. Either 
type of fastener should be spaced 
3" apart along panel edges and 
6" each way at the intermediate 
sections. 


_Typical Post-and-Beam Aim Construction 


STAGGER 
END JOINTS 


TONGUE-AND- 


| GROOVE EDGES 


Figure 42-42. In a post-and-beam subfloor, the floor unit receives its main support from 


beams rather than from floor joists. 


| ol 42- 43 


TILE, LINOLEUM, : 


CARPET, OR 


Figure 42-43. Underlayment is placed over n subfloor to provide a smooth ane even 


Installing Underlayment . over z bfloor 


ALLOW 122” SPACE ~~ 
BETWEEN JOINTS — 


surface for finish floor materials. 


The Composite Panel Associa- 
tion suggests 4d nails for fasten- 
ing particleboard panels thinner 
than 3€", spaced 3” apart around 
the edges, and 6” OC each way 
throughout the body of the panel. 
For panels 9" to %” thick, the 
Composite Panel Association 
recommends 6d nails spaced 6" 
OC around the edges, and 10" OC 
each way throughout the body of 
the panel. If staples are used with 
particleboard under-layment, 
they should be a minimum of 7$" 
long, 18 ga, with a ?4e" crown for 
V4" thick panels. Staples should 
be 114" long, 16 ga, with a %” 
crown for 1⁄2” or 96" thick panels. 

Glue-nailing is also recom- 
mended for underlayment. When 
mastic adhesive is used in addi- 
tion to nails, the spacing of the 
nails can be increased to 16" OC 
along the edges and throughout 
the body of the panel. 

The subfloor must be dry before 
underlayment is installed. The 
structure must be closed in and 
other building materials, such as 
concrete, plaster, and paint, should 
have dried to the moisture condi- 
tions that will occur in the building 
when it is occupied. Subfloor joints 
may require sanding due to swell- 
ing during construction. 


Cement Board Underlayment 


Cement board may be required 
as underlayment for ceramic 
tile floors. Cement board is a 
reinforced panel composed of 
concrete and aggregate. Cement 
board underlayment is available 
in various thicknesses ranging 
from 1⁄4” to !£" and in 4’ x 4’, 3’ x 
5’, and 4’ x 8’ panels. Cement 
board is smooth on one side for 
applications involving adhesives, 
and textured on the other side for 
thin-set mortar applications. 

Cement board can be cut using a 
utility knife by scoring both sides 
of the panel through the fiber- 
reinforcing mesh and snapping the 
panel to size. A circular saw with 
a carbide-tipped blade can also be 
used to cut cement board. 
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Cement board is secured to 
the subfloor using adhesives or 
mortar and nails or screws. Use 
a ¥%” V-notched trowel when 
applying an adhesive or a 4" 
square-notched trowel when ap- 
plying mortar. Place the cement 
board in position, staggering the 
joints with the subfloor joints. 
Allow a 1%” gap at the ends and 
along the sides of the panels. 
Fasten the cement board to the 
subfloor with 1%” hot-dipped 
galvanized roofing nails or 1 V4" 
wood screws spaced 8” OC in 
both directions. 


FLOOR TRUSSES 


Floor truss systems are frequently 
used in residential and commer- 
cial wood-framed construction. 
A typical floor truss is composed 
of top and bottom chords tied to- 
gether by webs. See Figure 42-44, 
The webs are fastened to the top 
and bottom chords with metal 
connector plates. Webs may also 
be connected to the chords by 
finger-jointing and gluing 

Another type of truss design 
uses tubular steel webs. See 
Figure 42-45. Although the top 
and bottom chords in this type 
of truss are 2 x 4s, the webs are 
tubular steel. A 2 x 8 is installed 
below the top chords at standard 
intervals to provide lateral sup- 
port for the truss. 

Floor trusses are usually built 
in a manufacturing facility by the 
truss manufacturer. Truss design 
and length are determined by 
information on the construction 
prints. The finished trusses are 
delivered to the job site and in- 
stalled by carpenters. 

Floor trusses offer the advantage 
of covering long spans without 
requiring intermediate support 
of a wall or beam. Also, the space 
between the top and bottom 
chords makes it convenient to run 
pipes, electrical wires, and ducts 
through the flooring system. Floor 
trusses are usually spaced 24” 
OC. They provide a 3%” nailing 
surface for the subfloor. 
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4x2 Floor Truss Construction 
Pee eann TC SETS el E 


Figure. 42-44 


2x4 
TOP CHORD 
2x4 
DOUBLE 
END WEBS 


2x4 END 
PIECE 


2x4 BOTTOM 
CHORD 


2x4 WEBS 


METAL CONNECTOR PLATE 


Figure 42-44. The top and bottom chords of floor trusses are tied together by webs. The chords 
and webs are typically 2 x 4s and are joined together with metal connector plates. 


Southern Forest Products Association 


Figure 42-45. Floor trusses may be construct- 
ed with 2 x 4 wood top and bottom chords 
and tubular steel webs. The 2 x 4 shown 
along the bottom chord toward the left side 
stabilizes and ties the trusses together. 
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WOOD I-JOISTS E 


Wood I-joists are an engineered 
wood product that are widely 
used in the construction of wood- 
framed floor units and flat roofs, 
and are a high-performance alter- 
native to solid dimension lumber. 
Wood I-joists are structural, load- 
carrying products that provide 
high bending strength and good 
stiffness characteristics. 

Wood I-joists consist oftop and 
bottom flanges and webs that fit 
into grooves machined in the 
flanges. Flanges are dimension 
lumber or LVL and webs are 
plywood, LVL, or OSB. See Fig- 
ure 42-46. The webs are bonded 
to the flanges with exterior-type 
adhesives. 


"- 


Trus Joist, A Weyerhaeuser Business 


Figure 42-46. Wood I-joists provide a wide nailing surface for a subfloor. 


Wood I-joists are available in 
912", 1178", 14”, and 16" depths. 
The flanges are 114”, 134", 26”, 
2⁄2”, or 3⁄2” wide, depending 
on the design. Wood I-joists are 
manufactured in lengths up to 
60’, eliminating joist overlapping 
at central beams or walls. Wood 
I-joists are easy to grip and are 
lightweight; a 26’ wood I-joist 
weighs approximately 50 Ib. 

APA Performance Rated I- 
joists (PRI) are wood I-joists 
designed for use in residential 
floor construction. APA PRIs 
are manufactured per APA 
Standard PRI-400, Performance 
Standard for APA EWS I-Joists. 
Wood [I-joists are identified by 
their depth (overall measure- 
ment from top to bottom of 
I-joist) and a joist designation 
ranging from PRI-20 to PRI-80. 
A typical I-joist trademark is 
shown in Figure 42-47. 

In general, wood I-joists do 
not require intermediate block- 
ing between spans if the I-joists 
conform to specifications in 
wood I-joist span tables. See Fig- 
ure 42-48. Blocking is required, 
however, if header joists or rim 
boards are not installed between 
wood I-joists supporting load- 
bearing floors, and between 
cantilevered wood I-joists. 


WOOD I-JOIST SPAN TABLE 


PRI-20 
PRI-30 

9, PRI-40 
PRI-50 
PRI-60 
PRI-20 19-11” 
PRI-30 20'-6" 
PRI-40 21-6" 
PRI-50 21'-4" 

1176 PRI-60 22-8" 
PRI-70 23'-0" 
PRI-80 24-41" 
PRI-90 25'-8" 
PRI-40 24-4" 
PRI-50 24/-4" 
PRI-60 257-9" 

14 PRI-70 26-1” 
PRI-80 28'-3" 
PRI-90 29-1” 
PRI-40 27-0" 
PRI-50 27'-0" 

T PRI-60 28'-7" 
PRI-70 29'-0" 
PRI-80 31-4” 


PRI-90 


* in in. 


| 18-4 
31-0112 
14'-1^ 


1 4-5” 
1 5-4" 
1 8-9" 1 qup 1 5/-5” 
18-9” 17-9” 16-7” 
19577 18-2” 16-3" 
1 9-6" 1 8-5" 1 mirc 
20/3 19-6” 18-3" 
21-0” 19-10” 18-7” 
22-8” 21-4” 19-11” 
23-4” 22-0” 20-6” 
Dor n 20'-2" 1 8-0" 
22-3” 21-0” 19'-8" 
23'-6" 201-0 20-9” 
23-10” 22-6” 21-0” 
2529% DA/-37 22'.8" 
26'-6" 24-11” 23-3” 
24-0” Dg 19-7” 
24-8” 23'-4" 20-2” 
26-1” PZ | 23-0" 
26'-5" 24-11” PISTE 
28-6” 26-11” DAE 4 
SEPA 


D 


APA—The Engineered Wood Association 


Figure 42-48. Span tables specify on-center spacing of various sizes of wood I-joists. 


One benefit of using wood 
I-joists in residential construc- 
tion is that holes may be drilled 
or cut in the webs to accommo- 
date plumbing, electrical, and 
other mechanical systems. Top 
and bottom flanges must never 
be cut, notched, or otherwise 
modified. Knockouts are pre- 
scored holes that are commonly 
provided by I-joist manufactur- 
ers to allow electrical wiring, 


plumbing lines, or other me- 
chanical systems to be easily 
installed. Knockouts are typi- 
cally 1%” to 124" diameter and 
are spaced 12" to 24" OC along 
the I-joist length. If knockouts 
are not provided, holes should 
be cut using a sharp saw. Holes 
should be cut only in areas des- 
ignated by the manufacturer or 
engineer and should not exceed 
stated specifications. 


JOIST 
JOIST DEPTH DESIGNATION 


MANUFACTURED PER APA 
STANDARD PRI-400, PERFORMANCE 
STANDARD FOR APA EWS I-JOISTS 


OC SPACING 


CLEAR SPAN 


MANUFACTURING CONFORMS WITH 


| 


PLANT IDENTIFIER APA PRI-400 


Figure 42-47. Trademarks provide information regarding recommended clear spans and spacing of wood I-joists 
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Construction Methods 


The spacing and layout of wood 
I-joists is the same as for solid 
dimension lumber. APA Per- 
formance Rated rim boards are 
used as header joists for wood 
I-joists. See Figure 42-49. A rim 
board ties together the wood 
I-joists, and also transfers lat- 
eral and vertical bearing forces. 
Rim boards manufactured from 
plywood, OSB, glulam timber, 
or LVL are used to tie together 
wood I-joists since they shrink 
less than dimension lumber and 
correspond to the depth of the 
wood I-joist and other engineered 
wood products. 

Wood I-joists are fastened to 
rim boards or other flat surfaces 
using top-flange or face-mount 
joist hangers. Hangers should 


BLOCKING 


GLULAM BEAM 


ka 


be deep and wide enough to 
allow the bottom flange of the 
I-joist to fully seat in the hanger 
and support the top flange. See 
Figure 42-50. If joist hangers 
are not deep enough, bearing 
stiffeners must be used to pro- 
vide proper support. Some joist 
hangers have a tab that is bent 
over the upper surface of the 
bottom flange and fastened with 
a 10d nail. 

Due to the “I” shape of wood 
I-joists, backer blocks, web 
stiffeners, filler blocks, squash 
blocks, and blocking may be 
installed to prevent twisting or 
to provide additional support 
and reinforcement. Blocks and 
stiffeners are typically made 
from OSB, dimension lumber, or 
structural panel material. 
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Figure 42-50. Joist hangers for wood I- 
joists should be deep enough to support 
the top flange. 
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Figure 42-49. Spacing and layout of wood I-joists is the same as for solid dimension lumber. Engineered wood riin boards are used to 


support the ends of I-joists. 
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Backer Blocks. Backer blocks 
provide a flat, flush surface 
for attachment of top- or face- 
mounted joist hangers or other 
structural elements by filling 
the space between the out- 
side edge of the I-joist flange 
and the web of the adjoining 
l-joist. Backer blocks must be 
long enough to permit nailing 
without splitting. The depth 
of backer blocks should be ap- 
proximately V$" less than the 
distance between the flanges. 
Backer blocks should fit tight 
against the top flange of an I-joist 
and are fastened into position 
with three 10d nails, which are 
clinched if possible. See Figure 
42-51. For top-flange hangers, 
a backer block is required only 
on the nailing side. For face- 
mount hangers, backer blocks 
are required on both sides ofthe 
adjoining I-joist to provide good 
anchorage for joist hangers. 


Web Stiffeners. Web stiffeners 
are dimension lumber, OSB, or 
structural panel materials used 
to reinforce an I-joist web. Wood 
I-joist webs may be reinforced in 
the following situations: 


Backer Blocks 
| Figure 42-51 
BACKER BLOCK TOP-FLANGE 


FITS TIGHT AGAINST JOIST HANGER 
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TOP-FLANGE JOIST HANGER 


* whenthe webs, especially in 
deeper I-joists, are in danger 
of buckling out of plane 

e when the webs may break 
through the grooved por- 
tion of the flange due to 
increased vertical loads 

* when the I-joist is sup- 
ported in a joist hanger that 
does not extend to the top 
flange, allowing the I-joist 
to deflect laterally 

Bearing stiffeners and load 

stiffeners are two types of web 
stiffeners and are differenti- 
ated by the applied load and 
the location of the gap between 
the stiffener and top or bottom 
flange. See Figure 42-52. Bear- 
ing stiffeners are installed when 
increased load-bearing capac- 
ity is required. Load stiffeners 
are installed between supports 
when significant load points 
are anticipated. The depth 
of web stiffeners is 1⁄8” to V4" 
less than the distance between 
flanges. Bearing stiffeners are 
fitted tightly against the upper 
surface of the bottom flange; 
load stiffeners are fitted tightly 
against the lower surface of the 
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JOIST HANGER 


V BACKER 
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Figure 42-51. Backer blocks provide a flat, flush surface for attachment of top-flange or 
face-mount joist hangers or other structural elements. 


top flange. Most web stiffeners 
are fastened into position with 
four staggered 8d nails, which 
are clinched if possible. Web 
stiffeners for wood I-joists with 
3%” flanges are fastened into 
position with four staggered 
10d nails. 


Web Stiffeners 


| Figure 42-52 — 
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Figure 42-52. Web stiffeners reinforce 
Ljoist webs. The direction of an applied 
load determines the location of the gap 
between the stiffener and top or bottom 


flange. 


Filler Blocks. Filler blocks fill 
the rectangular space between 
a pair of I-joists that are used as 
a single member, such as when 
I-joists are doubled at door or 
window openings. Filler blocks 
permit the vertical load to be 
shared between the two I-joists 
and force each joist to absorb 
equal amounts of the load and 
bend the same amount under 
the applied load. 
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Filler blocks are installed 
the full length of the double 
I-joists, either as a single mem- 
ber or as shorter pieces. The 
depth of filler blocks is s" less 
than the distance between the 
flanges. Filler block thickness 
must also be appropriate for 
the size of wood I-joist being 
used. Filler blocks slightly 
thicker than the recommended 
size shown in Figure 42-53 
can be used without affecting 
performance of the structural 
unit. Thinner filler blocks 
leave a void between the webs 
and filler blocks, permitting 
twisting or rotation of the webs 
during nailing. 


Filler Blocks 
Figure 42-53 
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Squash Blocks. Squash blocks 
carry a point load that would 
otherwise bear directly on a wood 
I-joist, such as when a post is in- 
stalled directly over another post 
on a lower level. Squash blocks 
are pieces of dimension lumber 
or rim board, and are typically 
installed in pairs to allow even 
distribution of a load. If pieces 
of dimension lumber, such as 2 
x 4s or 2 x 6s, are used as squash 
blocks, they should be cut 1⁄6” 
longer than I-joist depth to en- 
sure the squash blocks provide 
support for the vertical loads. 
See Figure 42-54. If rim board is 
used as squash blocks, select rim 
board of compatible depth with 
the I-joists being installed. 
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Figure 42-53. Filler blocks permit a vertical load to be shared between two I-joists. 


372 CARPENTRY 


SQUASH BLOCKS 
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Figure 42-54. Squash blocks carry a point 
load that would otherwise bear directly on 
a wood I-joist. 


Blocking. Wood I-joists are 
commonly installed with engi- 
neered wood or sections of I-joist 
placed between joists at various 
locations. Blocking provides 
lateral support for floor I-joists, 
transfers shear loads from walls 
above to floor or foundation be- 
low, and transfers vertical loads 
from the walls above to the floor 
or foundation below. 

Job-built blocking is fabricated 
from available engineered wood 
products, including wood I-joists, 
rim board, or LVL. Engineered 
wood products must be used for 
blocking because shrinkage en- 
countered in dimension lumber 
would affect the stability and 
ability to transfer loads. Blocking 
must fit tightly between I-joists. 
Blocking is recommended for the 
following situations: 


e at each end of floor joists 
that are not restrained by a 
header joist or rim board. See 
Figure 42-55. 

* between floor joists sup- 
porting load-bearing walls 
extending perpendicular to 
joists 

e between cantilevered wood 
I-joists over an adjacent sup- 
porting wall 
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Figure 42-55. Blocking provides lateral support for floor I-joists, transfers shear loads 
from walls above to floor or foundation below, and transfers vertical loads from the walls 
above to the floor or foundation below. 
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all construction be- 
gins after the subfloor 
has been fastened in 
place. The wall system of a 
wood-framed building consists 
of exterior (outside) and in- 
terior (inside) walls. Exterior . 
walls have door and window 
openings. Interior walls, known 
as partitions, commonly have 
door openings. Partitions divide 
the living area of the house into . 
separate rooms. Door openings 
and archways provide access 
from room to room. 


BLOCKS 


WINDOW 
OPENING 


TRIMMER 
STUDS 


Typical Exterior Stud Wall mone 


Figure 43-1 
DOW 
OUTSIDE CORNER cripple “WIN 
POST WITH strups HEADER 


Partitions are either load- 
bearing or non-load-bearing. 
Load-bearing partitions support 
the ends of the floor or ceiling 
joists. Non-load-bearing parti- 
tions usually run in the same 
direction as the joists and carry 
little weight from the floor or 
ceiling above. 

Traditionally, 2 x 4 lum- 
ber was used for the exterior 
wood-framed walls of one-story 
buildings. Today, 2 x 6s are 
commonly used for exterior 
wall framing since the ad- 
ditional width of the studs 
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Figure 43-1. Wood-framed wall components include studs, pl 
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ates, headers, trimmer studs, sills, cripple studs, and corner posts. Exterior 
ctural panels such as oriented strand board or plywood. 


and plates provides room for 
thicker insulation materials. 


WOOD-FRAMED WALL 
COMPONENTS 


Wood-framed walls consist of 
structural parts referred to as wall 
components or framing members. 
Components of a wood-framed 
wallinclude studs, plates, headers, 
trimmer studs, sills, cripple studs, 
and corner posts. See Figure 43-1. 
For some applications, diagonal 
braces may also be required. Each 
component has a special function 
within the total wall structure. 
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Studs, Plates, and Corner 
Posts 


Studs are vertical framing 
members that run between the 
wall plates. Studs are usually 
spaced 16" OC. In some areas 
of the country, engineered 
framing systems are used that 
allow 24" OC stud spacing in 
one-story buildings. 

The plate at the bottom of 
a wall is the bottom plate, or 
sole plate. The plate at the top 
ofthe wallis the top plate. The 
top plate is typically doubled 
for additional stability. The 
topmost plate of a double top 
plate is sometimes called a 
doubler. A doubler strengthens 
the upper section of a wall and 
helps carry the weight of floor 
or ceiling joists. Wall plates 
are nailed to the wall studs, 
including trimmer studs and 
cripple studs, and tie the entire 
wall together. 

Corner posts, also called cor- 
ner assemblies, are constructed 
wherever a wall ties into an- 
other wall. Outside corners 
are at the ends of a wall. Inside 
corners occur where a parti- 
tion ties into a wall at some 
point between the ends of the 
wall. Three typical designs 
for corner posts are shown in 
Figure 43-2. All corner posts 
should be constructed from 
straight studs and should be 
well-nailed. 
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Outside and Inside Corner Post Construction Details 


Figure 43-2 icm = 


PLAN VIEW 


16d — 
NAILS [f 
24" OC | 


STUDS 
FORM 


| SENS INSIDE 
SS) NAILING 
CORNER 
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studs with short blocks between them at 
center and ends. A third full-length stud 
can be used instead of blocks. 


Outside corner construction using only 
three studs. 
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Inside corner construction using a block 
laid flat. A full-length stud can be used 
instead of a block. 


Inside corner construction using metal 
clips. Insulation can fill entire wall cavity. 


INSIDE CORNER POSTS 


Figure 43-2. Corner posts are constructed wherever a wall ties into another wall. Straight 
studs are used to frame corner posts. When an inside corner is constructed using a block 
laid flat, a carpenter must insulate the U-shaped cavity before exterior wall sheathing is 
applied. When metal clips are used, the wall cavity can be insulated after exterior wall 
sheathing is applied. 


Door and Window 
Openings 
A rough opening must be framed 
in a wall wherever a door or win- 
dow is planned. Rough opening 
dimensions must allow for the 
finish frame into which the door 
or window will fit and for the 
required clearance around the 
frame. Methods of calculating 
the dimensions are explained 
later in this unit. 


ra 


Wood-Framed Rough Openings 
Media Clip 


Rough Door Openings. The 
rough opening for a door is 
framed with a header, trimmer 
studs, wall studs, and, in some 
cases, cripple studs. The rough 
opening for a typical window 
includes the same members 
as for a door, plus a rough sill Ses TM 

: ae KC anor NAN ee La 
and bottom cripple studs. See Southern Forest Products Association 
Figure 43-3. Rough sills may be doubled to provide support for heavy window units. 
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Figure 43-3. Rough door and window openings must allow for the finish frame and a required clearance around the frame. 
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A header is placed at the top ofa 
rough opening and must be strong 
enough to carry the weight bearing 
down on that section of the wall. 
In some areas of North America, 
headers are commonly referred to 
as lintels. A header is supported 
by trimmer studs that fit between 
the bottom plate and bottom ofthe 
header. Trimmer studs are nailed 
into the wall studs at each side of 
the header. Nails are also driven 
through the wall studs into the 
ends of the header. 

Headers may be solid pieces 
or may be built up of two pieces 
with V2" spacer blocks between 
them. Spacer blocks are needed 
to bring the width of the header 
to 34”, which is the actual width 
of a 2 x 4 stud wall. A built-up 
header is as strong as a solid piece. 
However, it involves extra labor 
to construct a built-up header. 
Another type of built-up header 
is made of two planks, such as 
2 x 10s, with a 2 x 4 piece nailed 
at the bottom. For 2 x 6 walls, a 
solid piece of lumber (for example, 
a 6 x 12) may be used as a header. 
Another common header for 2 x 6 
walls consists of two 2 x 10s with a 
2 x 6 nailed to the bottom. See 
Figure 43-4. 

Another type of header is simi- 
lar to a wood I-joist. However, the 
web is constructed of expanded 
polystyrene (EPS) insulation 
sandwiched between two pieces 
of OSB. This type of header 
is available with 3%” and 5%” 
flanges and in depths of 914" and 
1174" or greater. 

The required header type and 
size are shown on the prints. 
Header size is determined by 
the width ofthe opening and the 
load bearing down from the floor 
above. See Figure 43-5. 

The tops of door and window 
openings in all walls are usu- 
ally aligned with each other. 
Therefore, all headers are the 
same distance from the floor. 
The standard height of walls in 
most residential wood-framed 
buildings is 8’-054” or 8’-1” from 
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the subfloor to the ceiling joists. 
Standard door height is 6’-8”. 
For standard-height door open- 
ings in standard-height walls, 
cripple studs are not necessary 
if a 12” wide header is placed 
directly below the top plate. 
The distance between the bot- 
tom of the 12” wide header and 
the subfloor allows for the 6’-8” 
door height, thickness of the head 
jamb, clearance above the head 
jamb, and required clearance 


Headers 
| Figure 43-4 
SPACER 


aJ 


2" THICK PIECES 
WITH SPACER 


2" THICK PIECES 
WITH 2 x 4 BASE 


below the door. See Figure 43-6. 
The clearance below the door 
varies with the thickness of the 
finish floor material. 

If a header less than 12" wide is 
used, cripple studs are necessary. 
Cripple studs are nailed between 
the header and the double top 
plate of a door or window open- 
ing to carry the weight from the 
top plate to the header. The crip- 
ple studs are generally spaced on 
regular stud layout. 
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Figure 43-4, Various inethods are used to construct door and window headers. 


HEADER SIZES FOR DOOR AND WINDOW OPENINGS 
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Figure 43-5. Header size is determined by the width of the opening and load bearing 
down from above. For example, a 4 x 6 Douglas fir header can be used for an opening 


up to 6'-0" wide. 
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Figure 43-6. A 12" wide solid header can 
be used to accommodate a 6'-8" door in 
an 8'-1" standard-height wall. 


Header-cripple stud construc- 
tion is usually used only where 
walls are more than 8'"-1" high. 
For walls higher than 8-1”, a 12" 
wide header placed directly un- 
der the top plate would result in a 
rough opening that would be too 
tall for standard doors. Cripple 
studs must be used to provide 
a rough opening of the correct 
height. See Figure 43-7. 
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Figure 43-7. When a header less than 


12” wide is installed, cripple studs are 
installed between the top of the header 
and top plate. 


Rough Window Openings. A 
rough sill is installed at the 
bottom of a rough window 
opening. The rough sill pro- 
vides support for the finish 
window and frame that will 
later be placed in the wall. The 
distance between the sill and 
header is determined by the 
dimensions of the window, 
window frame, and necessary 
clearances at the top and bot- 
tom of the frame. Cripple studs 
are nailed between the sill and 
bottom plate and spaced 16” 
OC like the rest of the wall. Ad- 
ditional cripple studs may be 
placed under each end of the 
sill. Some building codes re- 
quire that sills be doubled if the 
opening is more than 4’ wide. 
The framing for the rough 
openings of oval or round win- 
dows may require corner bracing 
so that the finish window frames 
can be secured from all sides. 
See Figure 43-8. Some oval, 
round, or irregularly shaped 
windows have bracing and other 
framing members in place when 
they are delivered. The window 
units are installed in the rough 
opening and fastened in place. 
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Figure 43-8. Corner braces may need to be 
installed in rough openings for installation 
of oval or round windows. 


Diagonal Braces 


When exterior walls are covered 
with structural sheathing, such 
as OSB or plywood, diagonal 
braces may not be required. 
Diagonal braces, however, are 
required when improved lateral 
wall strength is needed. When 
diagonal braces are required, 
braces should be placed at both 
ends (where possible) and at 25’ 
intervals in exterior walls and 
main interior partitions. 

Diagonal braces are most ef- 
fective when installed at a 45° 
to 60° angle. The braces are 
installed in the wall after the 
wall has been squared and is 
still lying on the subfloor. 

Two diagonal bracing sys- 
tems are metal wall braces 
and 1 x 4 let-in braces. Metal 
wall braces are 16 ga to 22 ga 
L- or T-shaped metal pieces 
that are installed in a saw kerf 
running diagonally across a 
wall section. See Figure 43-9. 
A diagonal line is snapped 
diagonally across the wall 
section and a saw kerf is made 
along the line. A metal wall 
brace is placed in the kerf 
and secured to the top plate. 
The wall is squared and the 
brace is secured to the studs 


it crosses. 


Figure 43-9. T-shaped metal braces fit into 
saw kerfs in the studs. 
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Fora 1x4 wood let-in brace, the 
studs are notched so a 1 x 4 brace 
will fit flush with the surface of 
the studs. Metal wall braces are 
more commonly used than wood 
diagonal bracing because they are 
easier and faster to install than 
wood let-in bracing. 


Wood Let-In Braces 
Media Clip 


Fireblocking 


Fireblocking is required in con- 
cealed spaces to cut off vertical 
and horizontal draft openings and 
to form a barrier between stories, 
and between the top story and 
attic or roof space. Fireblocking 
creates a barrier to prevent smoke, 
toxic fumes and gases, and fire 
from spreading from one room to 
another, or from one floor to an- 
other, allowing inhabitants more 
time to escape from the building. 
Fireblocking requirements are 
different for residential and com- 
mercial construction, and vary 
from jurisdiction to jurisdiction. 
Always consult the applicable 
local building code for specific 
fireblocking requirements. In 
general, fireblocking is required 
in the following locations for 
residential construction: 


Cripple studs support the rough sill at the bottom of a window opening. 


* stud walls and interior parti- 
tions at the floor and ceiling 
level 


e junction between concealed 
wall spaces, such as those at 
soffits, coves, or drop ceil- 
ings. See Figure 43-10. 


* concealed spaces between 
stair stringers at the top and 
bottom of the stringers 


* concealed spaces around fire- 
place and chimney openings 


* openings around ducts, 
pipes, and vents at the floor 
and ceiling level 


A variety of materials can be 
used for fireblocking, including 
the following: 


Common Fireblocking Locations 


| Figure 43-10 
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Figure 43-10. Fireblocking is required in concealed s 


MSN WD 


FIREBLOCKING 


TOP AND BOTTOM 
OR STAIR STRINGERS 


* 2" nominal lumber 


e two thicknesses of 1" nomi- 
nal lumber with reinforced 
joints 

* one thickness of ?293" wood 
structural panels with rein- 
forced joints 


* one thickness of 34” particle- 
board with reinforced joints 


* batts or blankets of mineral 
wool or glass wool insulation 


* Y?" gypsum board 

* V4" cement board 

* approved nonrigid materi- 
als, such as caulk and foam 


For platform-framed construc- 
tion, the top and bottom plates 
serve as vertical fireblocking. 
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paces to cut off vertical and horizontal draft openings and to form a barrier 


Fireblocking Caulk. Fireblock- 
ing caulk is commonly used to 
seal holes drilled through walls 
or structural members. See Fig- 
ure 43-11. 


Figure 43-11. Fireblocking caulk is ap- 
plied to joints or openings in walls or 
structural members to inhibit the spread 
of fire, smoke, and fumes. 


Two types of fireblocking caulk 
are available—intumescent and 
endothermic. Intumescent caulk 
quickly expands in volume when 
exposed to high temperatures 
and closes off voids left by burn- 
ing or melting construction mate- 
rials. Endothermic caulk releases 
water vapors when exposed to 
high temperatures, slowing the 
spread of fire in the building. 

Fireblocking caulk is dispensed 
from a tube which is placed in 
a caulking gun, or from a refill- 
able caulking gun. The caulk is 
applied to joints or openings to 
the proper thickness. If a smooth, 
clean surface is desired, soapy 
water is applied from a spray 
bottle and the caulk is smoothed 
with a putty knife, paint brush, or 
similar tool. 


CONSTRUCTING 
WOOD-FRAMED WALLS 


All components of a wall should 
be cut before any components 
are assembled. By studying the 


prints, a carpenter can determine 
the number and lengths of studs, 
trimmer studs, cripple studs, 
headers, and rough sills required 
for the building. If necessary, the 
components are cut to length 
with a circular saw or radial-arm 
saw on the job site. For buildings 
on large housing tracts, framing 
members are often cut to length at 
the mill or lumberyard and then 
delivered to the job. 

Wall components are as- 
sembled on the subfloor. The 
components are nailed together 
and the completed wall is 
raised into place. Figure 43-12 
shows a partially assembled 
wall lying on the subfloor of a 
building under construction. 


floor. 
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Laying Out Walls 


Carpenters must lay out where 
each wall is to be placed before 
construction begins. Wall layout 
requires printreading abilities 
and a thorough understanding 
of wall construction. Wall layout 
is usually performed by a lead 
carpenter or job supervisor. Two 
types of procedures are involved 
in wall layout—horizontal plate 
layout and vertical layout. 
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Laminated strand lumber (LSL) headers are 3%" thick and are used for short-span 


window and door headers. 


Unit 43 Wall Framing 381 


Horizontal Plate Layout. The 
first step in wall layout is to 
snap chalk lines on the subfloor 
to indicate the exact locations of 
walls. The locations are deter- 
mined from the measurements 
provided on the floor plan. See 
Figure 43-13. 

After the lines are snapped, 
the top and bottom plates are cut 
to length and tacked next to the 
chalk lines. See Figure 43-14. 
The plates are then marked for 
corner posts and regular studs, as 
well as for studs, trimmer studs, 
and cripple studs for rough open- 
ings. All framing members must 
be clearly marked on the plates 
for carpenters to frame the wall 
efficiently. Figure 43-15 shows a 


Marking Wall Lines and Cutting Top and Bottom Plates 


| Figure 43-13 


Figure 43-13. Lines are snapped to indicate the exact locations 


to the chalk lines. 
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Dashed lines show where each wall will be placed using measurements from the floor 
using a chalk line. “X” marks on one side of interior wall lines show side of line w 
walls are laid out by measuring in the thickness of those walls. For a 2 x 6 stud w 


wall with framing members nailed 
in position according to layout 
markings. 

A procedure for marking 
outside and inside corners for 
stud-and-block corner posts is 
shown in Figure 43-16. A pro- 
cedure for laying out studs for 
the first exterior wall is shown 
in Figure 43-17. In this common 
layout method, plates are marked 
for the first stud from a corner 
post by measuring 154” from the 
end. Subsequent studs follow 16^ 
OC layout. This layout method 
ensures that the edges of standard 
wall sheathing or gypsum board 
panels fall on the centers of the 
studs. Cripple studs are laid out 
to follow the stud layout. 


MEASURE AND SNAP 


Figure 43-14. The top and bottom plates 
are tacked next to the snapped chalk lines 
before laying out the wall components. 


CHALK LINES TO INDICATE 


INTERIOR WALL POSITIONS 


TOP AND BOTTOM 
PLATES FOR EACH WALL 

ARE CUT AND TACKED NEXT 
TO LINES ON SUBFLOOR 


plan. On job sites, these lines would be snapped 
here wall is to be placed. Lines snapped for exterior 
all, measure in 51%”, 


SUBFLOOR 


of walls, and top and bottom plates are cut to length and tacked next 


Framing Members N 


EN Al 


TOP WINDOW INSIDE CORNER DOOR CRIPPLE INSIDE CORNER 
sTUDs CRIPPLE STUDS POST STUDS OST 


ailed in Position on Marked Plates 


HEADER 


TRIMMER STUDS 


ROUGH WINDOW 


OPENING ROUGH 


DOOR 
OPENING 


BOTTOM 
PÉATE 


dr x 
X 


X = STUDS 
T = TRIMMER STUDS 
C = CRIPPLE STUDS 
B = BLOCK 


FRAMING 
MEMBERS NAILED 
ON "LETTER" SIDE 


PLAN VIEW OF BOTTOM PLATE 


Figure 43-15. Framing members are nailed where the plates are marked. 


Stud-and-Block Corner Posts 
Figure 43-16 SN 


OUTSIDE 
CORNER 


INSIDE 
CORNER 
POST 


EXTERIOR 


OUTSIDE CORNER 


INSIDE CORNER 


LC 


Figure 43-16. Stud-and-b 


lock corner posts are constructed with full-length studs and blocks. 


Unit 43 Wall Framing 383 


Laying Out the First Exterior Wall Studs | 
Figure 43-17. l 


OUTSIDE 
CORNER 
POST 


EDGE OF 
SHEATHING FALLS 
OVER CENTER OF STUD 


PANEL 
SHEATHING 


SHEATHING 


Figure 43-17. If the first stud of an exterior wall is placed 15" from the corner and other studs follow 16" OC layout, the edges of 


standard-size panels will fall over the stud centers. 


A. procedure for laying out 
studs for the second exterior wall 
is shown in Figure 43-18. The 
plates are marked for the first stud 
to be placed 154” from the outside 
edge of the panel on the first wall. 
This layout allows the corner of 
the first panel on the second wall 
to align with the edge of the first 
panelon the first wall. In addition, 
the opposite edge of the panel on 
the second wall will break on the 
center of a stud. 

A procedure for laying out 
studs for partitions is shown in 
Figure 43-19. If wall panels are 
placed on the exterior wall first, 
followed by the partitions, wall 
plates for the partition are marked 
for the first stud to be placed 1544" 
from the edge of the panel on the 
exterior wall. If panels are to be 
placed on the partitions before 
they are placed on the exterior 
wall, then the wall plates of the 
interior wall are marked for the 
first stud to be placed 15%” from 
the unpaneled exterior wall. 


Ensure studs are true prior to 


= nailing into position. 
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_Laying Out Second Exterior Wall 


Studs 


SHEATHING 

ON FIRST 

| EXTERIOR 
WALL 


FOUNDATION me 
WALL 


Figure 43-18. When the second exterior wall is laid out, the 15V4" mark is measured 
from the outside edge of the panel on the first wall. The corner of the first panel on the 
second exterior wall will align with the edge of the first wall panel. The opposite edge of 
the panel will fall on the center of a stud. 


RIT dite in eem tm "m ma 


A pneumatic nailer is commonly used to fasten the bottom plate to a subfloor. 


| INSIDE 
PICORNER POST 


L | 
'ADJOINING f 
M waru 


If gypsum board or other interior finish 
panels are to be nailed to adjoining 
wall, measure 1514” plus thickness of 
material to first stud. 


A 


ZU ON 
PARTITION ^ 
MON SACS OY, 


If panels are to be nailed on wall first, 
mark 1514” from front surface of 
bottom plate. 


Figure 43-19. On partitions, the 15V4" 
measurement ensures that standard-size 
gypsum board or interior finish panels will 
fall over the center of a stud. 


Dimensions for the widths of 
rough door and window open- 
ings must also be marked on 
the wall plates. Rough openings 
are calculated based on door 
or window width, finish frame 
thickness, and %” shim clearance 
at the sides of the frame. See Fig- 
ures 43-20 and 43-21. 


D 


Rough Opening Measurements 
Media Clip 


DOUBLE 


TOP PLATE TRIMMER 
STUDS 


ROUGH 
OPENING 
FROM 
HEADER } 
TO FLOOR | 


Fisu OPENING —-—- 


ROUGH OPENING 


Figure 43-20. The finish door opening is 
the width of the door and the distance 
from the head jamb to the floor. The rough 
door opening is the distance between the 
trimmer studs and the height from the 
floor to the header. 


rough sill to the header. 


A rough opening is the distance between the trimmer studs and the height from the 


TOP WINDOW 
SASH 


DOUBLE 
TOP PLATE 


FINISH d 


= : 
La wl 
{| | OPENING | 
| ar ae 


bow | | 


FINISH | 


" 


DISTANCE BETWEEN T 
TRIMMER STUDS 
à 7 


TRIMMER 
STUD 


TRIMMER 
STUD FLOOR 


Borrom LINE 


PLATE 


Figure 43-21. The finish window opening 
width and length is the frame-to-frame 
dimension. The rough window opening 
is the distance between the trimmer studs 
and the height from the rough sill to the 
header. 


LJ s Ls m "| i A 
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Door and window schedules 
found on prints may provide 
rough opening dimensions. 
When rough openings are not in- 
cluded on schedules, carpenters 
must know how to calculate the 
rough openings. The procedure 
for calculating rough open- 
ings is shown in Figures 43-22 
and 43-23. 

A rough opening for a metal win- 
dow often requires a 4" clearance 
around the entire frame. If the 
measurements are not given in 
the window schedule, they can 
be obtained from the manufac- 
turer instructions supplied with 
the windows. 

A completely laid out wall 
plate includes markings for 
corner posts, rough openings, 
studs, and cripple studs. A 
procedure for laying out walls 
according to the floor plan shown 
in Figure 43-24 is shown in Fig- 
ures 43-25 through 43-28. First, 
wall plates are laid out and chalk 
lines are snapped. The corner 
posts are then laid out and prop- 
erly marked to indicate studs and 
blocking. Next, the 16" marks for 
the studs and cripple studs are 


Measuring for Rough Openings in Corners _ 


Figure 43-22 


OUTSIDE CORNER POST 


N = 
= T eorom PLATE 


WINDOW 
OPENING 


SUBFLOOR 


I 
< 
5 
a 
= 
E 
- 
a 


OPENING OCCURRING AT. 
WALL INTERSECTION _ 


marked. Finally, rough openings 
for doors and windows are laid 
out and marked. 

Carpenters may prefer to lay 
out rough openings before studs 
and cripple studs are laid out. 
However, there is an advantage 


to laying out the 16” OC marks 
for the studs first. Often, studs 
and trimmer studs for a door or 
window fall close to a 16” OC stud 
mark. Slightly shifting the position 
of a rough opening may eliminate 
a stud from the wall frame. 


OUTSIDE 
CORNER 
POST 
MARK 112" 
FOR TRIMMER STUD 
MARK 4" 
SHIM CLEARANCE 
MARK 112" " 
FOR WALL MARK» — v "s. 
STUD FORSIDE £, *3— 


, MARK 1⁄2” SHIM 3 I MARK 112” FOR 
<j REPEAT Layout CLEARANCE WALL STUD 
- FOR ADJOINING WALL SS <A 

MARK 34" m LA 
SUBFLOOR FOR SIDE JAMB = | i 


Trimmer and cripple studs support the rough sill. Clips along the sides and top help to 
tie the window unit to the framing members. 


1D MARK 1⁄2” 
FOR TRIMMER STUD 


MARK %” 
SHIM CLEARANCE 


ky MARK 74^ 
FOR SIDE JAMB 


4 MARK WINDOW 
SASH WIDTH 


Uu 
MARK 17^ FOR 
TRIMMER STUD N 


Z ess 
Ee Ge $+ 


Figure 43-22. When laying out the width of a door or window rough opening at the corners of intersecting walls, allowances must be 
made along the corner assembly for the trimmer stud, side jamb thickness, and shim clearance. 
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12-0 —— M 
20-8 1/2! 


ROUGH WINDOW 
OPENING IS MEASURED 
TO CENTERLINE 


@ ceNTERLINE 


; 9-0" WIDE / 


SHIMS — 


| | CLEARANC 


LIOLIZZL—cCAC.O — — LEN EMIL. 


Figure 43-23. When laying out the width of 
rough opening width, side jamb thickness, 


CORNER 
POST 


CORNER MARK 
POST 


MARK 934" 
(OUTSIDE) 


MARK 1%” 
(OUTSIDE) 


MARK FOR 
TRIMMER STUDS 
AND WALL STUDS 


Q MARK CENTERLINE 


lle " 
———— M 


MEASURE AND 
MARK 4’-0” TO 
CENTER OF OPENING 


CENTERLINE 


Measure 4'-0" and mark centerline 
of rough window opening. 


1-6” Y2 WINDOW 


WINDOW OPENING MARK 
CENTERLINE 


Measure and mark one-half window 
width on both sides of centerline. 


CENTERLINE MARK 34” 
—— (OUTSIDE) 


Measure and mark 34" side jamb 
thickness on both sides of rough 
window opening. 


MARK 12" 
OUTSIDE) 


CENTERLINE 


Measure and mark '^" shim clearance 
on both sides of side jamb to define 
rough window opening. 


a door or window rough opening, the center of the opening is first laid out. One-half of the 
and shim clearance is laid out on each side of the centerline. 


Vertical Layout. Vertical layout or 1 x 4 marked to indicate the schedules, and door and window 


is a procedure for calculating the 


lengths of studs, trimmer studs, details shown on the prints. 


lengths of vertical framing mem- and cripple studs. A story pole 


bers, making it possible to precut reduces the possibility of making 
mathematical errors and allows 


measurements to be retained for 4 
future use. Information required to 
mark a story pole is taken from wall 
section views, door and window 


the studs, trimmer studs, and crip- 
ple studs required for a building. 
The most efficient vertical layout 
procedure involves a wall framing 
story pole. A story pole is a 1 x 2 


Unit 43 Wall Framing 387 


WINDOW 


d t Y 
Y 1 SFO ib = 
p | o | S 
zn CY 
8 ie | z 
z BEDROOM | E 
c © 
bes o 
" 
z Š AO ES Ss = 
7 3 HALL — z-e" CLOSET 
S [-— f 
HTR 
i ees) 
LIVING ROOM 
l 2 
BEDROOM & = 
é s 
© 9 z 7 | zZ 
(e d | 
RS 12-0" m e ae: 
3 E jt I S3 a © 
Ñ ENTRANCE ex) en i 


9.-p" p-4 
eee, 28-Q" 
WINDOW — WINDOW 


Figure 43-24. Floor plans provide information to properly lay out walls. Information on this floor plan is used in the layout calcula- 
tions for Figures 43-25 through 43-28. 


Laying Out Wall Plates 
"Figure 43:25 — 


T 


KITCHEN | MARK X ON SIDE uw PENES 
| \ OF SNAPPED LINE || HN SORTS 
| )SHOWING WHERE DANSES 
| / BO PLAT 3 
SEE DETAIL A | ves SRL ep Measure back one-half wall plate width 
from centerline and snap chalk line. 


LIVING 
ROOM 


BEDROOM 
MARK WIDTH OF 
—-}|-- OUTSIDE WALL X 4 
PLATES (5727) - | SEE DETAIL B 


Measure width of the wall plates at all 
four corners and snap chalk lines. 


DETAIL B 


Figure 43-25. Wall plate locations are laid out and chalk lines are snapped. 
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Laying Out Outside and Inside Corner Posts 
| Figure 43-26 ——— a (— — 


KITCHEN 
BEDROOM 


BATHROOM 


> INSIDE CORNER— 
x SEE DETAIL A 
x 
BEDROOM 
OUTSIDE CORNER— 
SEE DETAIL B 
Ia, 


DA A 


DETAIL B 


Figure 43-26. Outside and inside corner posts are laid out and studs are laid out 16" OC. 
Laying Out Wall Studs 16" OC 
1 | 9 


KITCHEN 


BATHROOM 


BEDROOM 


INSIDE CORNER 
SEE DETAIL B 


SNAPE ORAS ENS 
OLS 
we ATHING PLAC 
SON LONG.WALL FIR 
QAM WNP 


DEED DETAIL B 


OC. 


Figure 43-27. Studs are commonly laid out 16" 


BEDROOM 


WITH GYPSUM BOARD—| 


—6 


OUTSIDE 
CORNER— 
SEE DETAIL A 
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Most sets of prints contain sec- 
tion views to indicate the rough 
heights of walls. The rough wall 
height is the distance from the 
subfloor to the bottom of ceiling 
joists. The rough door height 
(distance from the subfloor to 
the bottom of the door header) 
may also be noted on a section 
drawing or door schedule. The 
door rough height establishes 
the dimension for the rough 
window heights since window 
headers are usually aligned with 
door headers. 

The rough window length is 
the distance from the top of a 
sill to the bottom of a window 
header. The rough window 
length is laid out by measuring 
down from the bottom of the 
window header using dimen- 
sions provided in the rough 
opening column of a window 
schedule. Although a build- 
ing usually contains windows 
of more than one length, only 
the dimensions of the window 
type most commonly installed 
in the building are marked on 
the story pole. 

Figure 43-29 shows a typical 
wall section view and door and 
window schedules. The wall 
section and door and window 
schedules provide information 
needed to lay out a story pole. 
Figure 43-30 shows a procedure 
for laying out a story pole using 
information obtained from the 
wall section view and door and 
window schedules. 
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Laying Out Rough Door and Window Openings 
| Figure. 43-28 zs , or m 


CENTERLINE 


pA. OF WINDOW 


CENTERLINE 
OF WINDOW— 
SEE DETAIL A | 


CENTERLINE 
OF WINDOW 


CENTERLINE OF 
LARGE WINDOW 


CENTERLINE 
OF DOOR—SEE 
DETAIL B 


gos i po I SXRIMME EDGE — 
| EX EACH: END FOR KG pss FOR 
34^ EACH E E : = 
[m AMEN 
AER AS V mi 


n LEARANCESS 
TO WINDOW 
CENTERLINE 


CRIPPLE STUD 
TRIMMER STUD 
WALL STUD 


CENTERLINE 
TRIMMER STUD 
WALL STUD 


DETAIL A DETAIL B 


Figure 43-28. Rough door and window openings are located and stud, trimmer stud, and 
cripple stud locations are marked. 


| Dimensions 


eM 
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Prints May Provide Rou 
Figure 43-29 = 


| DOOR SCHEDULE 
CODE || QUAN SIZE JLtHe |[ROUGHOPENNG | 
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Section drawing provides rough 


Door and window schedules provide 
height of walls and distance from 


rough opening dimensions. 


subfloor to bottom of header. 


(viet 43-29. Hough door and UE opening dimensions may mS obtained yin the 
door and window schedules on the prints. 
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Figure 43-30. A story pole is marked to indicate the lengths of studs, trimmer studs, and cripple studs. The example shown here is 


based on information in Figure 43-29. 
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Prints may only provide fin- 
ish opening dimensions in the 
wall section views and door 
and window schedules. If only 
finish opening dimensions are 
provided, additional informa- 
tion must be obtained from 
detail drawings and the finish 
schedules to lay out the story 
pole. Figure 43-31 shows a wall 
section view that provides finish 
dimensions, parts of door and 
window schedules, and detail 
drawings. Figure 43-32 shows 
a procedure for marking a story aa N Forest Products Association 


pole based on the information Ceiling joists, which are chamfered at the exterior wall end, rest on top of and are toe- 
provided in Figure 43-31. nailed to the double top plate. 
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Figure 43-31. Some prints provide only finish opening dimensions. 
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Laying Out Wall Framing Story Poles 
Figure 43-32 — 
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Mark rough wall height on Measure height of rough Measure down from header the 
story pole by adding door opening by adding height of window rough 
finish floor-to-finish ceiling dimensions given in opening. This dimension is 
dimensions plus thickness exterior door frame section determined by adding 
of floor and ceiling detail. Mark door header dimensions given in window 
materials. Mark top and on story pole. frame section detail and sash 
bottom plates. size given in window schedule. 
1'7" Head jamb & clearance au» AE : 
^ 6-8" Door 1%” Finish window frame and 
E CYpsum Basta 1^" Finish floor and threshold clearance 
7-134" Finish floor-to-finish ceiling pETDS uU roUShIBSIDBSESIWeSIE 4-6" Sash height | 
34” Oak floor pos Rough naani acme Meo” Finish siii Me -— 
header and subfloor 


= CGK Rough wall height . ¥-934” Height of rough window 


opening m- | 


le being laid out here ís based on information found in Figure 43-31. 


Figure 43-32. The story po 
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Constructing Corner Posts 


For improved productivity, cor- 
ner posts for a building can be 
constructed at one time using a 
bench as shown in Figure 43-33. 
Figure 43-34 shows a procedure 
for assembling inside and out- 
side corner posts. Blocks should 
be held slightly back from the 
ends of the studs. Before nail- 
ing, ensurethe ends ofthe studs 
align with each other. 


Framing Door and 
Window Openings 
Many carpenters prefer to frame 
door and window openings 
before assembling the rest of 
the wall. Figure 43-35 shows a 
typical procedure for framing a 
door opening. In this example, 
cripple studs are required over 
the header. To frame a door 
opening with a 4 x 12 header ina 
wall no more than 8’-1” high, the 
procedure is the same except that 
cripple studs are not needed. 
For window openings, a 
rough sill is added to the bot- 
tom of a window opening. 
Cripple studs that follow the 
stud layout (usually 16" OC) are 
nailed between the sill and bot- 
tom plate. Cripple studs are also 
placed under each end of the 
sill. The procedure for framing 
window openings is the same as 
the procedure for framing door 
openings, and then a rough sill 
and bottom cripple studs are 
added. See Figure 43-36. 
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Arched Openings 
Media Clip 
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Corner Post Benches 


Figure 43-33 BENCH FENCE 
T : PLANK 


DRIVE TWO 16d NAILS 
INTO EACH BLOCK 


BLOCKING 


CORNER POST—TWO STUDS 
WITH BLOCKING BETWEEN 


BLOCKING 


BENCH END 


BENCH BOTTOM PLANK 
BLOCK 


Figure 43-33. A bench is useful for making up large quantities of corner posts. The 
material should be held tightly against the fence and end block when pieces are nailed 
together. 


Constructing Inside and Outside Corner - 
Posts ty 


11%” BLOCK 4%” 
TOTAL 


112" STUD 


2 DRIVE TWO 16d NAILS 
INTO EACH BLOCK 


1 BLOCK SET ON FLAT SIDE 
AND SET IN SLIGHTLY 
FROM END OF STUDS 


OUTSIDE CORNER 


(1) Nail flat blocks into first stud using two 16d nails in each block. Position blocks 
slightly in from end of studs. 


Q Nail second stud into blocks using two 16d nails in each block. 


DRIVE TWO 2 
16d NAILS 


1%” STUD 


BLOCK SET 
ON EDGE SET 
SLIGHTLY IN 
BLOCK SET 6%” FROM END 
ON EDGE TOTAL OF STUD 


SECOND 
STUD 


17" STUD 


| 


END VIEW TOENAIL BLOCKS 


IB TO STUDS USING 
8d NAILS 


FIRST STUD 


INSIDE CORNER 


Toenail blocks set on edge using two 8d nails in each block. Then drive two 16d 
nails through stud and into block. 


2) Nail second stud into the blocks using two 16d nails in each block. 


Figure 43-34. Outside and inside corner posts are commonly assembled prior to wood- 
framed walls being assembled. Before nailing, align the ends of the studs. 


TYPICAL 
WALL STUD FOR 
~~ za, 8-094" WALL 


d 


-— 


RIMMER 


Nail trimmer stud to wall stud 
using 16d nails staggered 16” OC. 


HEADER 


Toenail cripple studs into header 
using four 8d nails (two in each 
side). 


Figure 43-35. Door openings are as- 
sembled before assembling the rest of the 
wall. In this example, cripple studs are 
required over the header. 
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f 
B bs we 


sliding (recessed) door at the left. 


After the "solis is enclosed, utilities and insulation are installed in the walls, floo 


WINDOW 
HEADER 


. TOENAIL USING 
EIGHT 8d NAILS 


TOP WINDOW 


CRIPPLE STUDS dap 


STUD 


TRIMMER 


CRIPPLE 
SILL STUDS 


Figure 43-36. The procedure for framing 
window openings is the same as framing 
door openings. A rough sill and bottom 
cripple studs are then added. Cripple 
studs follow the stud layout (usually 
16" OC). 


Assembling 
Wood-Framed Walls 


After corner posts and door and 
window openings have been 
constructed, the entire wall is 
nailed together on the subfloor. 


r, and ceiling. Note the framing for the pocket 


Position top and bottom plates 
on the subfloor at a distance 
slightly greater than the length 
of the studs. See Figure 43-37. 
Position corner posts and rough 
openings between the plates 
according to the plate layout. 
Place studs in position with 
crown side up. Nail the plates 
into the studs, cripple studs, 
and trimmer studs. 

On long walls, breaks in the 
plates should occur over a 
stud or cripple stud. If a 4 x 12 
header without cripple studs is 
used, breaks in the plates should 
occur over a stud or over the 
header. See Figure 43-38. 


Proper lumber storage techniques 
are essential fo the efficient use 

of lumber. Proper storage protects | 
lumber from fungi and insects, 
prevents defects due to varying 
moisture levels, and helps to 
maintain dimensional stability of 


the lumber. Lumber should be 
unloaded in a dry place and not 
in water or muddy areas. Lumber 
should not be allowed to come 
into direct contact with the ground. 
Lumber stored in open areas 
should be covered with a material 
porous enough to allow moisture 
fo escape. 
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Laying Out and Constructing Stud Walls 


gute deed BLOCKS TACKED TO 
HEADER JOIST FOR SUPPORT 
BOTTOM PLATE MARKED FOR WHEN RAISING WALL 


POSITIONS OF ALL STUDS, 
CORNERS, AND OPENINGS 


SUBFLOOR 


INSIDE CORNER POST 
(PREASSEMBLED UNIT) 


N AnH Wi WINDOW 


OPENING SS 
(PREAS SEMBLED UND, 


N 


WINDOW 
OPENING 


OUTSIDE 
CORNER POST 


PREASSEMBLED UNIT) 
NN ) ROUGH 


N TOP. PLATE MARKED 

$YFOR POSITIONS,OF 
ALL STUDS, CORNERS; 
XNUAND OPENINGS Y) 


ROUGH; DOOR OPENING 
Z(PREASSEMBLED UNIT) 


SUBFLOOR 


Place top and bottom plates on edge at distance slightly more than length of 
wall stud. Bottom plate should be placed next to snapped chalk line that marks 
position of wall. Place studs, corners, and preassembled door and window 
units in proper positions as marked on top and bottom plates. 


NAIL THROUGH PLATES 
USING TWO 16d NAILS 
IN EACH STUD 


Move top and bottom plates against studs. Drive two 16d nails through plates 
into ends of studs, corners, trimmer studs, and cripple studs. 


Figure 43-37. A wood-framed wall is nailed together on the subfloor after corner posts and door and window openings are com- 
pleted. 


BUTT JOINT 
TOP PLATE BUTT OVER STUD 
JOINT OVER 
SOLID HEADER 


ROUGH STUDS 
WINDOW i 
OPENING 


BOTTOM PLATE 
^. BUTT JOINT UNDER 
WINDOW CRIPPLE 


STUD 
Figure 43-38. Joints in plates should occur —! PETS s 
over a full header or at the center of a stud Door headers in non-load-bearing partitions can be formed with two 2 x 4s and sup- 
or cripple stud. ported by trimmer studs. 
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Placing Double Top Plates 


A top plate may be doubled while 
the wall is lying flat on the sub- 
floor or after all walls have been 
raised. The topmost plates are 
nailed so they overlap the plates 
below them at all corners to tie the 
walls together. See Figure 43-39. 
All top plate ends are fastened 
with two 16d nails. Between the 
ends, 16d nails are placed every 
16" OC (over the studs) so that 
it is easier to identify stud loca- 
tions when attaching sheathing. 
Butt joints between the topmost 
plates should be at least 4' from 
any butt joint between the plates 
below them. 


Squaring Walls and 
Placing Braces 


A framed wall is often squared 
while it is lying on the subfloor. 
Walls are squared and braced. 
Braces and structural panels or 
other exterior wall sheathing is 
nailed in place to keep the walls 
square while being raised. See 
Figure 43-40. 

Diagonal braces, such as metal 
braces or wood let-in braces, 
may be used as diagonal brac- 
ing. Three types of metal braces 
are flat, T-, and L-shaped. Nail 
holes in the braces allow them 
to be easily fastened to plates 
and studs. When installing met- 
al braces to exterior walls, the 
braces are nailed to the outside 
surface. T- and L-shaped metal 
braces provide better rigidity, 
but require saw kerfs cut into 
the plates and studs. 


Extreme care should be exercised 
when raising walls, especially 
when windy conditions prevail. 
Wall panels can be easily caught 
and damaged by the wind. 
Before raising a wall, ensure 

that all braces and tools required 
fo fasten the braces to the 
subfloor are readily available. 


Double Top Plates 
Figure 43-39 


16d NAILS 


STAGGERED 16” OC 


DOUBLE TOP 
PLATE 


BUTT JOINT— 4'-0" MINIMUM 
BETWEEN JOINTS OF TOP PLATE 


AND DOUBLE TOP PLATE 


TWO 16d 
NAILS IN 
EACH END 


OUTSIDE CORNER POST 


BUTT JOINT | 
OVER STUD 


TWO 16d 
NAILS IN 
EACH END 


INSIDE CORNER POST 


Figure 43-39. The topmost plates of a double top plate overlap the plates below them 


at all inside corners. 
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[Figure 43-40 


ÀE— 


Squaring Framed Walls . 


SUBFLOOR ^ 


C. men DIAGONAL 
MEASUREMENTS ARE 


Position stud wall so bottom plate is next to chalk line which shows 
where wall is to be fastened. Tack a few blocks at one side of line. Push 
wall against blocks and at each block tack bottom plate to subfloor. 


| FST E NE A SET ERERSE PRESS ARCA 


STUD WALL IS 
LEANING OVER 


YS POSITIONING 


EN STUD WALL 
NUN EE v 


EQUAL, WALL IS SQUARE 


ii 


o Use two tape measures to square wall. Measure 
diagonally across opposite corners. When two 
measurements are equal, wall is square. 


Figure 43-40. A framed wall is often squared while it is lying on the subfloor. Temporary braces must be attached to keep the wall 
square while it is being raised. Wall sheathing may also be applied while the wall is lying on the subfloor to keep the wall square when 


raising it. 


When installing metal braces, 
lay out and snap lines on the 
studs to show the brace loca- 
tion. See Figure 43-41. Shallow 
kerfs are cut in the edges of 
the studs to allow for metal 
braces. A brace is installed 
in the kerfs and fastened in 
place. Metal braces should be 
placed at the corners of walls 
and approximately every 25' in 
longer walls. 

When installing wood let-in 
braces, the studs are marked 
and notched for the brace. See 
Figure 43-42. Tack the brace 
to the studs while the wall is 
lying on the subfloor. Tacking 
instead of nailing allows for 
some adjustment after the wall 
is raised. After any necessary 
adjustment is made, the nails 
can be securely driven in. 


Placing Fireblocking 


Fireblocking may be placed in 
higher walls to slow the rate of 
a fire that may occur inside the 
walls. In addition, fireblocking 
can also be used as a nailing 
base for the edges of plywood 
or gypsum board panels. 
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Raising Walls 

Most walls can be raised manu- 
ally if enough carpenters are 
available on the job. As a gen- 
eral rule, one person is required 
for every 10' of wall for the 
lifting operation. The order in 
which walls are framed and 


raised may vary from job to job. 
Generally, longer exterior walls 
are raised first. Shorter exterior 
walls are then raised and the 
corner posts are nailed together. 
The order of framing and rais- 
ing interior partitions depends 
on the floor layout. 


Diagonal Metal Brace Layout 


Figure 43-41 


DISTANCE B EQUAL 


DOUBLE 
TOP PLATE 


TO WALL HEIGHT 


SNAP CHALK LINE 
BETWEEN MARKS A AND B 


— a 


Measure and mark distance A on the top and bottom plates. 
Measure and mark distance B equal to the height of the wall 


on bottom plate. 


TERS: 


D 

BRACE PLACED 

IN KERF AND 
FASTENED 


Snap chalk line between A on the top plate and mark B on 
the bottom plate. Cut shallow kerf in studs and plates. 


Figure 43-41. Diagonal metal braces may be used to provide additional wall stability. A shallow kerf is required for T- and L-shaped 
braces. 


DOUBLE 


THREE 8d NAILS TOP PLATE 


IN TOP AND 
BOTTOM PLATES\. 


TWO 8d NAILS 
un m 


Figure 43-42. Wall plates and studs are 
notched for wood let-in braces. The braces 
are tacked in place when the wall section 
is lying on the subfloor. After the wall is 
raised and the brace adjusted to its final 
position, the nails are driven in. 


After a wall has been raised, its 
bottom plates must be securely 
fastened to the floor. For walls 
resting on a wood subfloor and 
joists, 16d nails should be driven 
through the bottom plate and sub- 
floor and into the floor joists. 


Raising Walls with Wall Jacks. 
Wall jacks may also be used 
to raise walls. Wall jacks are 
lightweight devices commonly 
use to raise walls when small 
carpentry crews are working on 
a job site. A wall jack consists of 
an adjustable cylindrical tube 
with a hinged foot at the bottom 
and a pulley at the top with a 
cable that extends to a winch 


mounted on the tube. An adjust- 
able wall stop is secured to the 
wall jack for proper positioning 
of the wall. 

A minimum of two wall jacks 
must be used when raising a 
wall. The number of wall jacks 
used depends on the wall length, 
height, and overall wall struc- 
ture. The general procedure for 
raising walls using walls jacks is 
shown in Figure 43-43. Always 
follow manufacturer instruc- 
tions when raising walls using 
wall jacks. When walls are be- 
ing raised, no workers should 
be allowed directly below the 
wall or on the opposite side of 
the wall. 
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11 TIMES WALL HEIGHT 
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exl! 
Fasten hinged foot to 
subfloor near a joist. 
For thin subfloor, c 


fasten 2 x 6 to subfloor 
for extra support- 


twisting the wall. 


METAL STRAPS 


Turn winches in unison to prevent 


SUBFLOOR EDGE 
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dé 
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X WALL LENGTH 


= WALL JACK 
.. LOCATION hs 


" WALL LENGTH 


Set wall stop to approximately T F 
1% times wall height. © Position wall jacks along wall panel. 


"il WALL PANEL ABUTS 
WALL STOP 


Carefully raise wall until wall 
panel abuts wall stop. 


Properly plumb and 
brace walls. 


Figure 43-43. Wall jacks can be used to raise walls when small carpentry crews are working on a job site. 


Plumbing and Aligning 
Walls 


Plumbing of corners is performed 
after all walls are raised. Plumb 
the outside corners first and then 
securely brace for stability. Most 
framing material is not perfectly 
straight; therefore, a plate level 
or straightedge and a hand level 
should be used to plumb walls. 
See Figure 43-44. A straightedge 
is ripped out of plywood or a 
straight 2 x 4. Blocks %4” thick 
are nailed to each end of the 
straightedge to accurately plumb 
the wall from the bottom plate to 
the top plate. Walls should not 
be plumbed by placing a short 
hand level directly against the 
end stud. 
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Plumbing corners requires 
two carpenters working to- 
gether. One carpenter releases 
the nails at the top end of the 
temporary corner brace so the 
top of the wall can be moved. 
The other carpenter places a 
straightedge and level along 
the corner post and watches 
the level. The bottom end of the 
brace is renailed when the wall 
is perfectly plumb. 

Wall tops are straightened 
(aligned) after all corners have 
been plumbed, but before floor or 
ceiling joists are nailed to the tops 
of the walls. A string is attached 
to the top plate at one corner of 
the wall. The string extends to, 
and is fastened to, the top plate 


at the opposite end of the wall. 
Three small blocks are cut from a 
1 x 2. One block is placed under 
each end of the string so the line 
is clear the entire length of the 
wall. The third block is used as 
a gauge to check the wall at 6’ or 
8’ intervals. See Figure 43-45. At 
each check point, a temporary 
brace is fastened to a wall stud. 

When fastening a temporary 
brace to the wall stud, adjust 
the wall so the string is barely 
touching the gauge block. Nail the 
other end of the brace to a short 
2 x 4 block fastened to the sub- 
floor. Temporary braces are not 
removed until the framing and 
sheathing for the entire building 
have been completed. 


DOUBLE 
TOP PLATE 


OUTSIDE 
CORNER’ | 
POST 


Figure 43-44. A plate level is used ta 
plumb a wall corner. 


FASTEN ONE 235" STAND-OFF 
BLOCK AT EACH END OF 
STUD WALL AND STRETCH 
LINE BETWEEN BLOCKS 


35" MOVABLE 
GAUGE BLOCK. 
CHECK ALIGNMENT 
EVERY 6' TO 8'. LINE 
SHOULD BARELY 


{Lid 


Figure 43-45. After the carners are 
plumbed, the taps of the walls are straight- 
ened using a line and %4” blacks. 


If a laser level or other survey 
instrument is available, it may 
be used for plumbing and align- 
ing walls. 


Pick-up Framing Operations 
Certain smaller framing opera- 
tions, often referred to as pick-up 
operations or back framing, are 
performed after the walls have 
been raised. Pick-up operations 
include tying corners together, 
cutting and removing bottom 
plates for door openings, straight- 
ening studs, and cutting open- 
ings in walls for heating vents. 
Another pick-up operation is the 
placement of wall backing where 
plumbing fixtures, such as sinks, 
bathtubs, and water closets, will 
later be fastened to the wall. 


Framing over Concrete Slabs 


Often the basement or ground 
floor of a wood-framed building 
is a concrete slab. Bottom plates 
must be bolted to the slab or se- 
cured to the slab with powder-ac- 
tuated fasteners. See Figure 43-46. 
Bolts for attaching bottom plates 
must be accurately set into the 
slab when the concrete is placed. 
Bolt holes are laid out and drilled 
in the bottom plate when the wall 
is framed. The wall is slipped 
over the bolts as it is raised and 
secured in position with washers 
and nuts. 


‘Framing Angles . 
DOUBLE 
TOP PLATE 


Simpson Strong-Tie Company, Inc. 


Figure 43-46. Pawder-actuated fasteners 
are aften used ta fasten battom plates ta 
concrete slabs. 


The bottoms of basement and 
garage walls usually rest on sill 
plates bolted to the tops of the 
foundation walls. The top plates 
are nailed to wall studs and the 
walls are raised. The bottom ends 
ofthe studs are toenailed to the sill 
plate. The remainder of the fram- 
ing procedure is similar to walls 
nailed on top of a subfloor. 


Metal Connectors 


Metal connectors strengthen 
wood-framed wall connections 
by providing additional support 
between framing members and 
the concrete foundation. See 
Figures 43-47 and 43-48. 


Figure 43-47. Metal framing angles attach wall studs to plates and cancrete slabs. 
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Stud Plate Ties 


Figure 43-48 - 


DOUBLE 
TOP 
PLATE 


Figure 43-48. Stud plate ties secure wall studs to plates. 


Seismic or hurricane ties are 
required in areas that experience 
earthquakes and high winds. See 
Figure 43-49. Wood-to-wood 
ties, such as floor ties and plate 
ties, are attached to the framing 
members with galvanized nails. 
Wood-to-masonry (or concrete) 
ties are attached to the masonry 
or concrete with self-tapping 
screw anchors. Refer to the 
local building code to determine 
metal connector and fastener 
requirements. 


SHEATHING EXTERIOR WALLS 


Exterior wall sheathing is the 
panels fastened to the outside 
of exterior wall studs around 
the perimeter of a building. 
Oriented strand board (OSB) is 
commonly used as wall sheath- 
ing for residential and light- 
frame structures. Plywood may 
also be used as wall sheathing. 
Structural panel sheathing adds 
enough lateral shear strength to 
wood-framed walls to eliminate 
the need for diagonal braces. 
Wall sheathing does not in- 
clude the finish surface of a 
wall. Siding, shingles, stucco, or 
brick veneer is placed over the 
sheathing to finish the wall. 


Wall Sheathing * 


Wall sheathing, such as APA 
Rated Sheathing and APA Rat- 
ed Wall Bracing panels, must 
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conform to PS 2-92, Perfor- 
mance Standard for Wood-Based 
Structural-Use Panels. APA 
Rated Sheathing panels are com- 
monly used for wall sheathing 
when diagonal braces are not 
required. APA Rated Wall Brac- 
ing panels can also be used over 
walls requiring diagonal braces. 

Wall sheathing panels range in 
thickness from %” to ?4" and are 
commonly available in 4' x 8' to 
4' x 12' sizes. Larger panel sizes 
can be special-ordered. 

Wall sheathing panels are 
typically placed with the long 
edges in a vertical position, al- 
though the long edges may also 
be placed horizontally. If panels 
are placed horizontally, nailing 
blocks should be installed be- 
tween the studs. Building codes 
may require nailing blocks along 
the long edges of horizontal 
panels. Joints at panel edges 
should be staggered so no joints 
are aligned. A 1%” space should 
be allowed between the panels 
to prevent buckling, which may 
result from panel expansion. 
See Figure 43-50. 


Fasteners. Typical code regula- 
tions require 6d nails for wall 
sheathing panels !7" thick or less, 
and 8d nails for panels more than 
V2" thick. Nail spacing is com- 
monly 6” OC along the edges and 
12” OC at intermediate studs. 


When using screws to attach 
wall sheathing panels, 2” screws 
should be used for panels 2” 
thick or less, and 2%” screws 
for panels more than 74" thick. 
Screws should be spaced 6" OC 
along the edges and 12" OC at 
intermediate studs. 

When staples are used to at- 
tach wall sheathing panels, a 
minimum of 174" long staples 
should be used. Staples are 
spaced 4” OC along the edges 
and 8" OC at intermediate studs. 
Staples should not be used in 
shear wall construction. 


Placing Panels. When placing 
wall sheathing panels, ensure 
the first panel is plumb along 
its vertical edge and level along 
the horizontal edge. Secure 
the panel with nails, screws, 
or staples at the corners. Snap 
vertical chalk lines locating 
the intermediate studs before 
installing nails or screws. See 
Figure 43-51. Some wall sheath- 
ing panels are available with 
factory-painted lines at 16" and 
24" OC. 

Panel sheathing may be ap- 
plied when a wall has been 
squared and is lying on the sub- 
floor. However, problems can oc- 
cur after the wall is raised if the 
floor is not level. Builders often 
prefer to place all panels after the 
building has been framed. 


Seismic and 
Hurricane Ties — — 
Figure 43-49 — 


1 


FLOOR TIE 


RAFTER-TOP PLATE TIE 


Simpson Strong-Tie Company, Inc. 
Figure 43-49. Seismic or hurricane ties 
are required in areas that experience 
earthquakes and high winds. 


STAGGER PANEL 
JOINTS 


DOUBLE TOP 


Figure 43-50. Wall sheathing panels can b 


horizontally. 


CHALK LINES 


Figure 43-51. After placing wall sheathing panels and securing them at the corners, snap 
vertical chalk lines locating the intermediate studs before installing nails or screws. 


WEATHER BARRIERS 


Weather barriers are attached 
to the wall sheathing to help 
prevent air and water infiltra- 
tion into the building. Build- 
ing paper and housewrap are 
two commonly used weather 
barriers. A traditional weather 
barrier is 15 Ib building paper, 
which is available in 3^ wide 


rolls. Building paper must be 
sufficiently waterproof to resist 
water penetration from the out- 
side, yet not so resistant that 
it prevents the escape of water 
vapor from the inside of the 
building during cold weather. 
If water vapor is prevented from 
escaping, condensation could 
occur inside the walls. 
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Housewrap 


Housewrap is a common weath- 
er barrier used over panel 
sheathing. Housewrap is a 
translucent spun plastic sheet 
material that is tightly wrapped 
around a building to prevent 
air and water infiltration. See 
Figure 43-52. Housewrap al- 
lows a building to “breathe” 
by allowing water vapor and 
gases from a building interior 
to move outward without trap- 
ping moisture in the wall cav- 
ity. Housewrap is available in 
3' to 9' rolls. The 9' wide rolls, 
which are the most frequently 
used, should be installed by 
two workers. 

Housewrap is installed before 
window and door frames are in- 
stalled. Housewrap is available 
from various manufacturers and 
each manufacturer has specific 
instruction for proper installa- 
tion of their product. Always 
consult the manufacturer's 
instructions before installing 
housewrap. The general proce- 
dure for installing housewrap is 
as follows: 

1. Start the lowest course 
of housewrap at a build- 
ing corner. Place a roll of 
housewrap vertically and 
extend the housewrap 2’ 
to 3’ past the corner. See 
Figure 43-53. Position the 
housewrap so the bottom 
edge sill plate and approxi- 
mately 1" of the foundation 
wall are covered. Wrap the 
housewrap entirely around 
the house, keeping it level 
and tight. Make tight inside 
corners by holdinga2 x4 
in the corner. Overlap the 
beginning ofthe housewrap 
approximately 6". Each 
subsequent row of house- 
wrap should overlap the 
row below by approximate- 
ly 6" to 12". 

2. Secure housewrap firmly 
in place by fastening it ev- 
ery 6" along the perimeters 
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into a building while allowing moisture vapor and gases to escape. Housewrap for the 
prefabricated panels forming the exterior walls of this house is applied at the manu- 
facturing facility. Housewrap that is folded back at the corners and along the joists will 


be laid into position and fastened. 


and along door and win- 
dow openings, and every 
12" to 16" through the 
sheathing into the inter- 
mediate studs. Use large- 
headed or plastic cap nails 
or 1" crown staples. Fasten- 
ers should penetrate a mini- 
mum of 42” into the studs. 

3. After fastening the house- 
wrap for the entire building, 
attach the bottom ofthe first 
row to the foundation wall 
using tape. Use only tape 
approved by the house- 
wrap manufacturer. Tape all 
vertical seams, holes, and 
any other openings in the 
housewrap. Tape around 
plumbing and electrical 
extrusions as well as vent 
openings. 


Window and Door Openings in 
Housewrap. Window and door 
openings are particularly prone 
to leakage unless they are prop- 
erly prepared prior to installing 
the frames. Always consult the 
manufacturer's instructions for 
installation procedures for their 
products. The general procedure 


for cutting window and door 
openings in housewrap is as 
follows: 

1. Make an inverted Y cut in 
the middle of the window 
opening. See Figure 43-54. 

2. Fold back the flaps at the two 
sides and bottom of rough 
opening and fasten to the 
inside of the rough opening 
using nails or staples spaced 
6" apart. If a sill pan is to be 
installed, the side flap may 
remain loose until the pan 
is installed. The flaps are 
then folded into the rough 
opening and secured. 

3. Make angled cuts at the top 
of the rough opening and 
fold the flap up. When the 
window frame is in place, 
the flap will be folded down 
and secured over the frame. 

Preparation for door openings 

will be the same for the top and 
sides of the opening. 


Figure 43-53. Housewrap must be properly applied and overlapped to prevent moisture 
from infiltrating the building envelope. 


Making Door and Window Openings in Housewrap 


z 


IOUSEWRAP 


Fold back flaps and 
fasten to inside of 
rough opening. 


Make angled cuts 


Q Make inverted Y cut. and tack top flap. 


Figure 43-54. An inverted Y cut is made in the housewrap, and the flaps are folded back 
and fastened to the inside of the rough opening. The top flap is folded up and tacked to 
the exterior side of the wall. The flap will be folded down and secured after the window 


or door is installed in the opening. 


high winds, earthquakes, and 
other natural forces. Moisture 
trapped between the exterior fin- 
ish material and sheathing will 


RAINSCREEN WALLS 


Oriented strand board or struc- 
tural plywood sheathing pro- 
vides lateral strength against 


cause fungal growth, physical 
deterioration of the sheathing, 
and possible loss of structural 
capabilities of the sheathing. 
One method for preventing 
moisture vapor from accumu- 
lating between the exterior 
finish material and weather 
barrier is using a rainscreen 
wall. A rainscreen wall is a 
moisture-management system 
that incorporates a vented or 
porous exterior finish, an air 
cavity, a drainage plane, and 
an airtight interior support 
wall. See Figure 43-55. Mois- 
ture vapor or moisture enter- 
ing the wall cavity is properly 
drained away and air is allowed 
circulate within the cavity to 
maintain dryness within the 
wall cavity. 

A layer of building paper or 
housewrap is applied to the 
exterior face of the support wall 
to act as a drainage plane. When 
rainscreen walls are installed in 
areas subjected to large rainfall 
amounts, water and ice guard 
may be applied directly to the 
sheathing extending 3' to 4’ 
from the bottom edge, and the 
building paper or housewrap 
is applied over the guard. En- 
sure that the building paper or 
housewrap is lapped properly. 

Furring strips are fastened 
through the wall sheathing and 
into studs where possible. The 
thickness of the furring strips 
creates the air cavity for the 
rainscreen wall. The air cav- 
ity separates the exterior finish 
material from interior support 
wall and reduces any capillary 
action to transfer moisture from 
the exterior finish material to 
the support wall. 

Large, protected vents at the 
top and bottom of the wall pro- 
mote airflow and allow moisture 
to drain and/or evaporate. Some 
types of vent openings may be 
covered with window screens 
to prevent insects from entering 
the air cavity. 
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Figure 43-55. A rainscreen wall is a method of preventing moisture vapor from accumu- 
lating between the exterior finish material and weather barrier. 


The exterior finish material 
helps to shed rain and prevent 
moisture from entering the air 
cavity. Moisture may be forced 
through the exterior wall finish 
material itself or through joints 
and splices between the finish 
material. When installing wall 
finish material, place a piece of 
weather barrier at all splices to di- 
rect moisture into the air cavity. 


STRUCTURAL INSULATED 
PANELS (SIPs) 


A structural insulated panel (SIP) 
consists of two outer structural 
panels (skins) with a thick in- 
ner foam core. See Figure 43-56. 
The outer panels are commonly 
OSB, but plywood may also be 
used. SIPs are available in many 
standard sizes ranging from 4’ x 6’ 
to 8’ x 24’. The foam core is usu- 
ally expanded polystyrene (EPS) 
or polyisocyanurate rigid foam, 
although other foam products 
such as extruded polystyrene and 
polyurethane are also used. Foam 
for the core has high insulation 
values and keeps its shape per- 
manently. SIP construction is an 
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environmentally responsible 
alternative to standard platform 
framing. 


SPLINE 
RECESS 


INSULATING 
FOAM CORE 


Figure 43-56. Structural insulated panels 
(SIPs) are composed of two outer panels 
and an insulating foain core. 


The outer SIP panels are usu- 
ally oriented strand board (OSB), 
but other surfaces are also avail- 
able. SIPs are structurally rated 
panels, which provide lateral 
stiffness and strength and uni- 
form load capacity. SIPs are also 
a good base for fasteners. Door 
and window openings may be 
cut out before or after panels 
have been installed. 

Joining and assembly pro- 
cedures for SIPs vary with the 


manufacturer. However, glue 
can be used in addition to nails 
and/or panel screws to fasten 
SIPs to the framework. Liquid 
expanding foam is usually ap- 
plied at the joints to ensure air- 
tight seals. Many manufacturers 
use spline connections at the 
joints. See Figure 43-57. 


Structural Insulated 
Panel Splines 
igure 43-57 


DIMENSIONAL LUMBER 

FIRST JOINED TOGETHER 

AND THEN FASTENED 
BETWEEN PANELS 


DIMENSIONAL LUMBER SPLINE 


Figure 43-57. A surface or dimensional 
lumber spline may be used to join SIPs 
together. 


An SIP building must be con- 
structed on and anchored to a 
solid foundation. A pressure- 
treated sill plate equal in width 
to the space between the SIP 
panels is secured to the founda- 
tion using anchors at a spacing 
specified by the manufacturer. 
See Figure 43-58. The panels 
are then hoisted and lowered 
over the sill plates using a crane 
or other hoisting equipment, 
depending on the panel size. 
Smaller panels may be fitted 
into position by hand. Sealant 
should be applied as specified 
by the manufacturer. Nails are 


then driven through the lower 
edges of the panels and into the 
sill plates. The panels should be 
properly braced until the roof or 
floor framing for the next floor 
is complete. 


HOUSEWRAP 
APPLIED 
OVER 
WALLS 


SIP WALL 
NAILED TO 
BOTTOM 
PLATE 


BOTTOM 
PLATE 
INSTALLED 
AT JOB SITE 


Figure 43-58. A pressure-treated sill plate 
is secured to the foundation wall, and SIP 
panels are lowered over and fastened to 
the sill plate. 


Metal connectors are used to 
support floor joists for an upper 
floor of an SIP building. Top- 
flange joist hangers are fastened 
to the top plate of the SIP wall 
panels before the panels for the 
upper floor are placed and fas- 
tened into position. See Figure 
43-59. The joists can then be 
installed and fastened into posi- 
tion. Metal straps are fastened to 
the exterior panel faces to tie the 
wall panels together. 


SHEAR WALLS 


Shear walls are panel-sheathed 
walls designed to withstand 
severe seismic activity or high 
wind loads. Shear walls are in- 
terior or exterior, load-bearing 
or non-load-bearing walls that 
are designed to meet the design 
load requirements. Shear walls 
are required by building codes in 
many areas ofthe country includ- 
ing areas subject to strong seismic 


activity such as the West Coast 
and areas subject to excessive 
wind loads caused by hurricanes 
and tornadoes such as the East 
Coast and southern states. 


SUBFLOOR 


HANGER 


Figure 43-59. Top-flange joist hangers are used 
to support upper floors in SIP construction. 


The floors, roof, walls, and 
foundation of shear walls are tied 
together using specialized fasten- 
ers and anchors to provide the 
building with greater shear load 
and uplift resistance. Shear load is 
the lateral pressure against a wall. 
Two major contributing factors of 
shear load are high winds, such 
as winds generated in hurricanes, 
and seismic forces. Uplift occurs 
at the side of the lateral force, 
and is generally caused by forces 
generated during earthquakes. A 
downward force occurs at the op- 
posite end of a wall experiencing 
uplift. See Figure 43-60. 

Shear walls are most effective 
at the perimeter of a building 
since they can easily tie into 
the foundation. Shear walls are 
efficient for use as load-bear- 
ing walls. A building design 
may also include interior shear 
walls. If interior shear walls are 
required over crawl-space or 
full-basement foundations, they 
must be supported by the floor 
unit with additional support 
below the floor unit. 


DOWNWARD 


a 


UPLIFT FORC 


Figure 43-60. The lateral direction of the 
shear load against the wall may cause 
uplift at the bottom of the wall, resulting 
in a downward force at the opposite end 
of the wall. 


Constructing Shear Walls * 


As shown in Figure 43-61, shear 
wall construction is similar 
to conventional wood-framed 
walls, but there are several im- 
portant differences, including 
the following: 
e additional shear anchor 
` bolts in bottom plate 
e holddown anchors at the 
ends of shear walls 
e tighter sheathing nailing 
patterns 
e thicker sheathing 
e special fastening require- 
ments at the top of shear 
walls 
e different lumber framing 
grades, species, and sizes 


TIGHTER 
NAILING 
PATTERN 


APPROVED 
PERFORMANCE 
RATED PANEL 


HOLDDOWN 


SHEAR ANCHORS 
ANCHOR FASTENED TO 
BOLTS ANCHOR BOLT 
AND STUDS 


Figure 43-61. Shear wall construction 
is similar to conventional wood-framed 
walls. Additional shear anchor bolts and 
holddown anchors are installed at the 
ends of shear walls. 
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Shear anchor bolts or hold- 
down straps are embedded in 
the concrete or masonry foun- 
dation wall or footing. Hold- 
down straps may also be bolted 
to the sides of foundation walls, 
and are commonly used when 
retrofitting a building. See Fig- 
ure 43-62. 

When a shear wall panel is 
raised, the sill plate is properly 
positioned and fastened into po- 
sition. Metal washers and nuts 
are used on intermediate anchor 
bolts, while holddown anchors 
are secured in position at the ends 
of shear walls. The holddowns 
are also fastened to the adjoining 
wall studs using lag or carriage 
bolts. See Figure 43-63. 


Holddown Straps 
| Figure 43-62 y = 


HOLDDOWN 
STRAP 


ulis ABI aud 


Figure 43-63. Holddowns are secured to 
anchor bolts embedded in the foundation. 
Lag or carriage bolts are driven into the 
adjoining wall studs. 


HOLDDOWN 
STRAP FASTENED 
TO SILL PLATE 
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<7 SHEATHING 
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HOLDDOWN 

STRAP FASTENED 

TO FOUNDATION WITH 
CONCRETE ANCHORS 
AND BOLTS 


BOLTED TO FOUNDATION 


Figure 43-62. Special anchors are required to secure sill plates of a shear wall system. 
Some anchors are embedded in concrete as it is being placed in the forms or CMUs. 


Other anchors are bolted to the foundation. 
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Panel installation should begin 
at the corners ofa building, leaving 
a &" space at the ends and edges 
of the panels. For multistory build- 
ings, the tops of the panels are 
fastened to the top plate, as well 
as to the rim joists of the upper 
story to create a strong connection 
between different floor levels. The 
same procedure can be used for 
shear walls of a one-story build- 
ing with a flat roof. For a one-story 
building with a pitched roof, the 
tops ofthe panels are nailed to the 
top plates. Seismic or hurricane 
roof ties strengthen the connection 
between the rafters and top plates. 
In multistory buildings, shear wall 
panels must align vertically to ob- 
tain the rated shear resistance. 

Nailing patterns and penetra- 
tion are determined by panel 
grades and thickness, and an- 
ticipated shear load. For APA 
Structural I and APA Rated 
Sheathing panels ranging in 
thickness from 4” to %”, 6d nails 
are used to fasten the sheathing 
to the studs and plates. For 74e" 
and 1952" panels, 8d nails are used, 
while on 1%2” panels, 10d nails 
are used. Nails along the edges are 
spaced 2" OC to 6" OC, depend- 
ing on the anticipated shear load. 
(When nails are spaced closer 
together, the permitted load in- 
creases considerably.) Nails are 
spaced 12" OC for intermediate 
studs. Refer to print specifications 
for nailing patterns and antici- 
pated shear loads. 

The bottoms ofthe wall sheath- 
ing panels are also nailed to the 
sill plates. The sill plates have, 
in turn, been secured at regular 
intervals to the foundation wall 
or footing using holddowns. 


Anchor Tiedown Systems. An- 
chor tiedown systems are used 
in areas where the most extreme 
uplift due to seismic conditions 
or high winds is anticipated. An- 
chor tiedown systems are more 
effective than other shear wall 
anchor and fastening methods, 
and local building codes may 
require use of the systems. 


In one-story anchor tiedown 
systems, a long threaded rod 
extends from the double top 
plate and is coupled to a bolt 
embedded in the concrete foun- 
dation. See Figure 43-64. The 
tension on the rod is adjusted 
by turning a nut positioned over 
a metal bearing plate, which 
rests on the double top plate. In 
multistory buildings, sections of 
threaded rod extend the height 
of each wall and are connected 
to one another using a take-up 
device. The take-up device is a 
heavy spring mechanism that 
compensates for wood shrinkage 
and settlement caused by dead 
loads. Connected anchor tie- 
down systems can extend up to 
five stories. See Figure 43-65. 
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Figure 43-64. In a one-story anchor tie- 
down system, a long threaded rod extends 
from the top double plates and is coupled 
with an anchor bolt embedded in the 
concrete. 
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Figure 43-65. In a multistory anchor tiedown system, a threaded rod is tightened and 
secured to the next story with a take-up device. 
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eiling construction begins 
after all walls have been 
set in place and fastened to 


the subfloor, the corners of the walls - 


have been plumbed, and the tops 
of the walls have been aligned and 
supported with temporary bracing. 
One type of ceiling supports an at- 
tic area beneath a pitched (sloping) 
roof. Another type of ceiling serves 


as the framework for a flat roof. © 


When a building has two or more 
floors, the ceiling unit of a lower 
story is part of the floor unit of the 
story above. 


One of the main structural 
functions of a ceiling frame is to 
tie together the exterior walls of 
a building. When located under 
a pitched roof, the ceiling frame 
also resists the outward pressure 
exerted on the walls by the roof 
rafters. See Figure 44-1. The 
tops of interior partitions are 
fastened to the ceiling frame. In 
addition to supporting the attic 
area beneath the roof, the ceiling 
frame supports the weight of the 
finish ceiling materials, such as 
gypsum board. 


Various materials are used to finish 
| ceilings including gypsum board, 
wood paneling, and acoustical o 
decorative ceiling tiles. , 
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Figure 44-1. A ceiling frame ties together the exterior walls and resists the outward 


pressure of roof rafters. 


CEILING JOISTS 


Joists are the most important 
framing members of a ceiling. 
Joist size, spacing, and direction 
of travel are shown on a floor 
plan. The spacing between ceil- 
ing joists is usually 16" or 24" 
OC, although 12" and 19.2" OC 
spacing may be used. Ceiling joist 
size is determined by the amount 
of weight the joist must carry and 
the span the joist covers from 
one wall to the other. The table 
in Figure 44-2 gives allowable 
ceiling joist spans. 

Although it is convenient to 
have all joists running in the 
same direction, designs may 
specify for different sets of 
joists to run at right angles to 
each other. 


Interior Support of Joists 


One end of a ceiling joist rests on 
an outside wall and the other end 
often overlaps an interior bearing 
partition or beam. Ceiling joists 
should overlap the partition or 
beam at least 4". Ceiling joists 
may be butted over a partition or 
beam. In this case, the joists must 
be cleated with a 34" x 24" piece 
of plywood or an 18 ga x 18" long 
metal strap. See Figure 44-3. Ceil- 
ing joists may also butt against 
a beam and be supported by a 
ledger strip or joist hangers in a 
manner similar to floor joists. 

The structural design ofa build- 
ing may specify a beam be placed 
above the ceiling joists. In this 
case, the inside ends of the joists 
are hung from the beam with 
special joist hangers. 


CEILING JOIST SPANS* 


E 


Douglas Fir- Sel. Struc. 13-2 11-3 10-5 20-8 17-8 16-4 27-2 24-8 23-3 21-7 348 31-6 29- 6 

Larch No.1&Btr. 12-11 11-9 11-0 10-3 20-3 18-5 17-4 16-1, 26-9 24-3 22-10 21-2 34-1 31-0 29-2 26-10 

HE 12-8 11-6 10-10 10-0 19-11 18-1 17-0 15-9 26-2 23-10 22-5 20-1 33-5 30-0 27-5 246. 

T 1 12-5 14-3 10-7 9-10 19-6 17-8 16-8 15-0 25-8 23-4 21-4 19-1 32-9 28-6 26-0 293. 

x E .. No. 11-1. 9-7 89 7-10 16-3 14-1 12-10 11-6 20-7 17-10 16-3 14-7 25-2 21-9 19-10 17-9. 

M truc. 11-10 10-9 10-2 9-5 18-6 16-11 15-11 14-9. 24-7 22-4 21-0 19-6 31-4 28-6 26-10 24-10 

i 11-7 10-6 9-11 9-2. 18-2 16-6 15-7 Ae 24-0 21-9 20-6 19-0 30-7 27-9 26-2 23-7- 

"^ No.2 11-3 10-3 98 8-11 17-8 16-1 15-2 14-1 23-4 21-2 19-11 18-6 25-3 22-7. 

No. 3 10-10 9-5 8-7 7-8 15-10 13-9 12-6 11-2 20-1 17-5 15-10 14-2 19-5 174. 

Sel. Struc. 12-5 11-3 10-7 9-10 19-6 17-8 16-8 15-6 25-8 23-4 21-11 20-5 28-0 26-0 

No.1&Btr. 12-2 11-0 10-4 98 19-1 17-4 16-4 15-2. 25-2 22-10 21-6 19-11 32-1 29-2 27-5 25-5- 

No. 1 12-2 11-0 10-4 9-8 19-1 17-4 16-4 15-2. 25-2 22-10 21-6 19-10. 32-1 29-2 27-1 24-3. 

: No. 2 11-7 10-6 9-11 9-2 ^18-2 16-6 15-7 14-5 24-0 21-9 20-6 186 30-7 27-8 253 227. 

No.3 10-10 9-5 8-7 7-8 15-10 13-9 12-6 11-2 20-1 17-5 15-10 14-2 24-6 21-3 19-5 17-4. 

Spruce-Pine- Sel, Struc. 11-7 10-6 9-11 92 182 16-6 157 14-5 24-0 21-9 20-6 19-0 30-7 27-9 26-2 24-3 

Fir-South No. 1 11-3 10-3 9-8 811 17-8 16-1 15-2 14-1 23-4 21-2 19-11 18-6 29-9 27-1 25-5 22-311 

No. 2 10-11 9-11 9-4 88 17-2 15-7 148 13-8 22-8 20-7 19-5 17-8 28-11 26-3 24-2 21-7 

EM 10-3 811 82 7-3 15-0 13-0 11-11 10-8 19-1 166 15-1 13-6 23-3 20-2 18-5 165 
Western - Sel. Struc. 11-3 10-3 98 811 17-8 16-1 15-2 14-1 23-4 21-2 19-11 18-6 29-9 27-1 25-5 
Woods ~ No. 1 10-11 9-11 9-4 8-8. 17-2 15-7 14-7 13-0 22-8 20-2 18-5 16-6 28-6 24-8 22-6 
E 7 No 2 10-7 9-8 91 85 16-8 15-2 14-3 13-0 21-11 19-11 18-5 16-6 . 28-0 24-8 22-6 
= No3 - 9-5 82 75 68 13-9 11-11 10-10 9-8 17-5 15-1 13-9 12-4 21-3 18-5 16-9 
EEE. 2 amen wath mae UT AU Co Ben pecia AS DAEAR RAP AERTS IESE A Ue GEO REEL o DAES MOELLER ee a 


* design criteria: strength = 10 Ib/sq ft live load plus 5 Ib/sq ft dead load Western Wood Products Association 


deflection = limited in span (in in.) divided by 240 for live load only 


T in ft and in. 
in in. 


Figure 44-2. Ceiling joist size is based on the amount of weight the joist must carry and the joist span. For example, No. 1 
2 x 6 Douglas fir joists spaced 24" OC can span up to 14'-5". 
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Figure 44-3. When ceiling joists butt overa 
partition, an 18 ga x 18” long metal strap 
can be used to tie the joists together. 


Ceiling Joists and Roof 
Rafters 


Whenever possible, ceiling joists 
should run in the same direc- 
tion as roof rafters. Nailing the 
outside end of each ceiling joist 
to the heel of a rafter as well as 
to the top plate strengthens the 
tie between the exterior walls of 
a building. See Figure 44-4. 


{ 
DOUBLE TOP PLATE 


Figure 44-4. Whenever possible, ceiling 
joists should be nailed to rafters. 


A building may be designed so 
ceiling joists do not run parallel 
to the roof rafters. To prevent raf- 
ters from pushing out the walls, 
ties (2 x 4s or 2 x 6s) are installed 
running in the same direction 
as the rafters. The ties are then 
fastened to the top edge of each 


ceiling joist with two 16d nails. 
See Figure 44-5. The ties should 
be spaced no more than 4’ apart. 
The tie ends should be secured 
to the rafter heels by nailing 
through the rafters into the edge 
of the tie. 


Cutting Ends for Roof Slope 


When ceiling joists run in the same 
direction as roof rafters, the out- 
side ends must be cut to the slope 
of the roof. Ceiling frames may be 
constructed with stub joists. See 
Figure 44-6. Stub joists are nec- 
essary when, in certain sections 
of the roof, rafters and ceiling 
joists do not run in the same 
direction. For example, a low- 
pitched hip roof requires stub 
joists in the hip section of the 
roof. 


Ribbands and Strongbacks 


Ceiling joists that do not sup- 
port a floor above do not require 
header (rim) joists or blocking. 
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WHEN ROOF RAFTERS ARE TIED TOGETHER 
WITH TIES, A RIGID TRIANGLE THAT RESISTS 
OUTWARD PRESSURES IS FORMED 


OUTWARD 
PRESSURE 
OF ROOF 
RAFTERS 


OUTSIDE 
CORNER 
POST 


im 


Figure 44-6. Stub j 
Joists. 


Without additional header 
joists, however, ceiling joists 
may twist or bow at the centers 
of their span. To prevent twist- 
ing or bowing, a ribband is 
nailed at the center of the spans. 
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L Li] Ba LA e ENS L ma ie 
oists may be required where rafters do not run parallel to ceiling 


CEILING JOISTS DO NOT RUN 
PARALLEL TO ROOF RAFTERS 


See Figure 44-7. The ribband is 
laid flat and fastened to the top 
of each joist with two 8d nails. 
The end of each ribband is se- 
cured to the exterior walls of the 
building. 


NAIL ENDS OF T 


A more effective method of 
preventing twisting, bowing, or 
sagging of ceiling joists is to use 
a strongback. A strongback is 
built with 2 x 6s or 2 x 8s nailed 
to the side ofa 2 x 4. The 2 x4 is 
fastened with two 16d nails to the 
top of each ceiling joist as shown 
in Figure 44-8. Strongbacks are 
blocked up and supported over 
the exterior walls and interior 
partitions. Strongbacks hold the 
ceiling joists in alignment and 
also help support joists at the 
centers of their spans. 


LAYING OUT CEILING 
FRAMES 


Ceiling joists should be placed 
directly above wall studs when 
joist spacing is the same as stud 
spacing. Aligning ceiling joists 
and wall studs makes it easier 
to install pipes, flues, or ducts 
that have to run up the wall and 
through the roof. However, for 
buildings with walls with double 
top plates, most building codes 
do not require ceiling joists to 
align with the studs below. 


1 x 4 Ribbands Prevent Joists from Twisting — . 
Figure 44-7 —— Reise 
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Figure 44-7. A 1 x 4 ribband nailed at the center of the joist spans prevents twisting and bowing of the joists. 


~ 2x6OR2x8 
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BLOCK (HEIGHT OF 
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STUD END WALL 


Figure 44-8. A strongback provides central 
support for the joist span. 


If joists are placed directly 
above the studs, the joists will fol- 
low the same layout as the studs 
below. See Figure 44-9. If joist 
spacing is different from that of 
the studs below (for example, if 
joists are spaced 24” OC over 16” 
OC studs), lay out the first joist at 
234" and then at every 24” OC. 


I CEILING JOISTS 
SET 24” OC 


" 


n STUDS 160C B 
B i im M 


Figure 44-9. When studs and ceiling joists are spaced 16" OC, the joists rest directly over 
the studs. When studs are spaced 16” OC and ceiling joists are spaced 24” OC, every 
other joist will align with the studs below. 


The positions of the roof rafters 
should be marked when the ceil- 
ing joists are being laid out. If 
ceiling joist spacing is the same 
as roof rafter spacing, there will 
be a rafter next to every joist. Of- 
ten, ceiling joists are spaced 16" 
OC and roof rafters are spaced 
24" OC. In this case, only every 
other rafter can be placed next to 
a ceiling joist. 


CONSTRUCTING CEILING 
FRAMES 

Joists for a ceiling frame should 
be cut to length before they 


are placed on top of the walls. 
On houses with pitched roofs, 
the outside ends of the joists 
should also be cut at an angle 
on the crown edge of the joist 
to accommodate the roof slope. 
The prepared joists can then 
be handed up to the carpenters 
working on top of the walls. 
The joists are laid flat along the 
walls, close to where they will 
be nailed. Figure 44-10 shows a 
procedure for constructing the 
ceiling frame. In this example, 
the joists willlap over an interior 
bearing partition. 
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Figure 44-10 


SS CEILING JOISTS SET TO CEILING JOISTS SET TO 
EXTERIOR WALL BB SS | 
DOUBLE TOP PLATE S RIGHT OF MARKS LEFT OF MARKS 
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F EXTERIOR WALL— Sg 
SEE DETAILA 2 


INSTALL CEILING SS a E CN TOENAIL THREE 
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OF BUILDING rA. | 


XK ZS gg CENTER LOAD- 
BEARING WALL 
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o Install ceiling joists on one side of building. Ends of joists should be toenailed into the double top plate with three 8d nails. Two 
nails are driven in on one side, and third nail on opposite side. 


INSTALL CEILING po 
JOISTS ON OTHER "P EC - TOENAIL THREE 
SIDE OF BUILDING ^ Z BEE 8d NAILS 


o Install ceiling joists on other side of building. Fasten outside ends into double top plate with 8d nails. Toenail lapped ends with 
two 8d nails, then fasten lapped ends to each other with three 16d nails. 


FLAT BACKING— 
SEE DETAIL G 


FLAT BLOCKING 


z 
BLOCKING 
SEE DETAIL H | 


| 32” OC 


(5) Install blocks flat between joists where needed to fasten tops of interior walls running parallel to joists. Blocks are 32” OC. Two 
16d nails are driven through joists into each end of block. Two 16d nails are driven through block into top of backing. 


SPACER BLOCK 
ATTIC SCUTTLE 


STRONGBACK 


SPACER 
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ATTIC" 
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Q Place strongbacks at center of spans. Strongback is nailed to edge of 2 x 4 with 16d nails 16” OC. Two 16d nails are driven 
through 2 x 4 into top of each joist. 


O Cut out and frame attic scuttle. 


Figure 44-10. A ceiling frame is constructed over walls that have been straightened and properly braced. In this example, joists lap 
over an interior bearing partition. 
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Ceilings may be furred down for 
insulation or sound-deadening 
purposes. Figure 44-11 shows an 
example where a ledger board the 
same width as the joist material 
is nailed against the wall studs. 
The ends of the joists are then 
toenailed or fastened with metal 
joist hangers to the ledger board. 


REGULAR 
CEILING JOIST 


HEADER 
JOIST 


LEDGER 
BOARD 


STUD WALL 


Figure 44-11. A ledger board is nailed 
against the wall to provide a nailing 
surface for lower ceiling joists. 


Applying Backing to 
Walls 

Walls running in the same direc- 
tion as ceiling joists require back- 
ing (sometimes called deadwood) 
to provide a nailing surface for 
the edges of the finish ceiling 
material. Backing is usually 2" 
lumber, although 1" lumber may 
be used. 

Figure 44-12 shows backing 
placed on top of walls. The 2 x 6 
backing nailed to the exterior wall 
projects to the inside ofthe build- 
ing. The interior wall requires 
a 2 x 6 or 2 x 8 centered on the 
double top plate and projecting 
on both sides of the wall. Backing 
is fastened to the top plates with 
16d nails spaced 16” OC. 


Backing may also be used 
where ceiling joists run at a 
right angle to an interior bearing 
partition. See Figure 44-13. The 
backing is cut to fit between the 
lapped ceiling joists and nailed 
to the double top plate. 


Installing Backing for Finish Ceilings 
Figure 44-12 = mecs 


BACKING AT EXTERIOR WALL. 
DRIVE 16d NAILS 16" OC_— 


CEILING 
FINISH 
MATERIAL 


BLOCK NAILED INTO 
BACKING AT EACH 
CONTACT. DRIVE TWO 
16d NAILS THROUGH 
CEILING JOISTS INTO 
EACH END OF BLOCK 


INTERIOR WALLS. DRIVE 
16d NAILS 16" OC | 
— ANN 


Figure 44-12. Backing is nailed to the top plates to provide a nailing surface for the edges 
of the finish ceiling material. Backing may be 2 x 6s or 2 x 8s. 
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Figure 44-13. Backing is sometimes nailed on top of bearing partitions. 
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Fastening Partitions to 
Ceiling Frames 


The tops of partitions running in 
the same direction as the ceiling 
joists must be securely fastened 
to the ceiling frame. See Figure 
44-14. Blocks, 2 x 4s spaced 
32" OC, are placed flat over the 
backing, which is fastened to the 
top of the partition. The ends of 
each block are fastened to the 
joists with two 16d nails. Two 
16d nails are also driven through 
each block into the backing and 
top of the partition. 


EM 


BLOCKS 32" OC. 
DRIVE 16d NAILS INTO 

BACKING AND THROUGH 
CEILING JOISTS INTO 

EACH END BACKING 


we FASTENED WITH 


16d NAILS 16” OC 


CEILING 
JOISTS 


a 


4 FLUSH WITH 
BOTTOM OF 
CEILING 
46d NAILS, JOISTS 
TWO ON 
EACH SIDE 
DOUBLE 
TOP PLATE 
STUD WALL 


RUNNING PARALLEL TO 
CEILING JOISTS 


Figure 44-14. Blocks and backing are 
installed between joists to secure tops of 
walls running parallel to ceiling joists. 


ATTIC SCUTTLES 


A scuttle is an opening framed in 
the ceiling to provide an entrance 
into the attic. In buildings with a 
combustible ceiling or roof, an at- 
tic scuttle must be provided if the 
attic is larger than 30 sq ft in size 
and has a height greater than 30”. 
The rough framed opening must 
be at least 22” x 30” and be located 
in a hallway or other accessible 
location. 
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A scuttle is framed in a similar 
manner as a floor opening. If a 
scuttle is no more than 3’ square, 
it is not necessary to double 
the joists and headers. Scuttles 
must be placed away from the 
lower areas of a sloping roof. 
The opening may be covered by 
a piece of plywood resting on 
stops. The scuttle opening can 
be cut out after all the regular 
ceiling joists have been nailed 
in place. 


CONSTRUCTING FLAT * 
ROOF CEILINGS 


Flat roofs are economical to 
build. The joists used to frame 
a flat roof are also the ceiling 
joists for the living area below. 
A flat roof should have a small 
pitch (slope), no less than 1⁄4” per 
foot, for proper water drainage. 
To strengthen a flat roof in areas 
of heavy snowfall, heavier joists 
spaced closely together may be 
used. Since the rafters for a flat 
roof must support the combined 


load of the ceiling and roofing 
materials, 2 x 10 or larger pieces 
spaced 16" OC are usually used. 
In northern states, flat roofs 
are usually required by local 
building codes to withstand a 
live load (snow and wind load) 
of 40 lb/sq ft. In central states, 
flat roofs are required to with- 
stand a live load of 30 1b/sq ft. 
In southern and western states, 
flat roofs must withstand a live 
load of 20 1b/sq ft. 

Figure 44-15 shows a section 
of the framework for a flat roof. 
Since the joists also serve as a 
base for the roof, the joists are 
typically referred to as rafters. 
The rafters are tied together with 
a header where they extend past 
the exterior walls of a building. 
Shorter, cantilevered joists are 
called Jookout rafters. One end 
of each lookout rafter is fastened 
to a regular roof rafter using a 
metal framing anchor. The roof 
rafter will be doubled after the 
lookouts have been installed. 


! Typical Flat Roof Construction with Overhang 
Figure 44-15 oS N 3 : ce? 
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Figure 44-15. For flat roofs, rafters serve as a base for the roof and as ceiling joists. Since 
joists for a flat roof must support the combined load of the ceiling and roof materials, 2 


x 10s or larger framing members are used. 


Figure 44-16 shows a flatroof ^ board. Flat roofs may also be 
overhang. The ceiling material ^ constructed with parapets (short 
is gypsum board and theroofis ^ walls) above the roof deck. See 
panel sheathing overinsulation Figures 44-17 and 44-18. 
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Figure 44-16. A flat roof must have a small amount of pitch for proper water drainage. 


xi BN o 
Figure 44-17. Parapets can be framed over top plates. 


Figure 44-18. Parapets can be framed into 
exterior walls. 
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etal framing is a meth- 
od of constructing the 


framework of a building: 
using light-gauge and heavy-. 


gauge steel framing members. 
Light-gauge steel (LGS) framing 


was first used in commercial . 
structures with limited heights. ° 


By the late 1950s, light-gauge 


steel framing methods were also: 


used in high-rise structures. 


Today, light-gauge steel is speci- - 
fied for residential, light com- 
mercial, and heavy commercial 


structures. Carpenters skilled in 
wood framing methods should 
be readily able to adapt to light- 
gauge framing methods. 


Metal framing offers many 
advantages over conventional 
wood framing. Light-gauge 
steel framing members are 
lightweight and straight, al- 
lowing a carpenter to easily cut 
and install the members. Metal 
framing members are not af- 
fected by insects or decay, and 
do not shrink or otherwise de- 
form like similar wood framing 
members. Metal framing offers 
additional LEED? points since 
2596 to 3596 of metal framing 
members are manufactured 
from recycled steel. In addi- 
tion, metal framing has more 
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fire resistance than comparable 
wood framing members. 

Many metal framing methods 
are employed today. Light- 
gauge steel construction is often 
referred to as "steel for stick" 
construction since each wood 
framing member in a typical 
assembly is replaced with a 
metal framing member. See Fig- 
ure 45-1. Another metal framing 
method, similar to light-gauge 
steel construction, involves the 
use of heavier-gauge light-gauge 
steel studs spaced 4' OC, with 
lighter gauge members installed 
between the studs. 

The use of stuctural steel 
framing members for residential 


and light-commercial struc- 
tures is increasing throughout 
North America. Stuctural steel 
framing, also referred to as red 
iron steel framing because of 
the characteristic color of the 
framing members, involves the 
use of bolted or welded con- 
nections to form the framework 
of a structure. Structural steel 
framing involves the use of steel 
columns, beams, and girders 
placed in a manner similar to 
wood post-and-beam construc- 
tion. Metal-framed buildings can 
be constructed on the job site or 
prefabricated and transported to 
a job site for erection. 


Figure 45-1. The use of light-gauge steel framing continues to increase in residential and 


commercial construction. 


INDUSTRY AND CODE 
REGULATIONS 


The Steel Framing Alliance 
(SFA), formerly the North Amer- 
ican Steel Framing Alliance, is 
an organization established by 
the American Iron and Steel 
Institute to promote the use 
of light-gauge steel framing in 
construction. The Prescriptive 
Method for Residential Cold- 
Formed Steel Framing is a 
metal framing standard that was 
codeveloped by the American 
Iron and Steel Institute (AISI), 
the National Association of 
Home Builders (NAHB), and 
the Department of Housing and 
Urban Development (HUD), 
with the assistance of steel 
manufacturers and produc- 
ers, code officials, engineers, 
and builders experienced in 
cold-formed steel framing. The 
standard provides construction 
details and other information 
for the construction of one- and 
two-family residential dwell- 
ings using light-gauge steel 
framing members. Information 
such as floor and ceiling joist 
span tables, rafter span tables, 
wall stud tables, wall bracing re- 
quirements, header span tables, 
and connection requirements is 
included in the standard. 


LIGHT-GAUGE STEEL 
FRAMING MEMBERS 


Light-gauge steel framing 
members are fabricated from 
structural-quality sheet steel 
by cold-forming. The desired 
shapes of the framing members 
are achieved through rolling, 
hammering, or stretching the 
steel at a low temperature, which 
may often be room temperature. 
No additional heat is applied in 
the manufacture of light-gauge 
steel framing members. 
Light-gauge steel framing mem- 
bers may have a dimpled texture 
applied during manufacturing. 
The dimples provide additional 
strength, grabs screws better 


(and resists “walking”), and 
holds the screws tighter so wall 
sheathing does not pull away. 
Lighter-gauge members with the 
dimples can be used in lieu of 
heaver-gauge metal. 

Light-gauge steel framing mem- 
bers receive a protective coating 
to prevent corrosion during 
transportation, storage, and final 
placement. The protective coat- 
ing is applied using a hot-dipped 
steel galvanizing treatment. 


ind 


Light-Gauge Steel Framing 
Media Clip 


Shapes and Dimensions * 
Light-gauge steel framing 
members are available in vari- 
ous shapes, thicknesses, and 
strengths. Common light-gauge 
steel framing member shapes 
include the C-shape, track, U- 
channel, and furring channel. 
See Figure 45-2. The C-shape 
is the most common shape pro- 
duced for light-gauge steel fram- 
ing, and is used for studs and 
joists. C-shape members consist 
of a web, flange, and lip. Web 
depths range from 1%” (1.625”) 
to 12". The flanges stiffen the 
web and provide surfaces for 
attaching sheathing and gypsum 
board. The lips extend from the 
flanges on the open side and 
stiffen the flanges. 

The term gauge traditionally 
has been the unit of measure- 
ment for identifying sheet steel 
thickness. The higher the gauge 
number, the thinner the steel. 
Steel thicknesses also have tra- 
ditionally been given on prints as 
mils. A mil is equal to one thou- 
sandth of an inch (1 mil = .001^). 
Metric dimensions (in millime- 
ters) are increasingly being used 
to express steel thickness. One 
millimeter is equal to .001 meter 
(1 mm =.001 m). The table in Fig- 
ure 45-3 provides gauge dimen- 
sions and their decimal inch, mil, 
and SI metric equivalents. 


Identifying Light-Gauge Framing 
Members. The Steel Stud Manu- 
facturers Association (SSMA) has 
developed a four-part identifica- 
tion code, which identifies the 
web depth, shape, flange width, 
and steel thickness. This identi- 
fication system, known as The 
Right S-T-U-F, eliminates the con- 
fusion stemming from the widely 
varying properties and loads pub- 
lished by various manufacturers. 
The S-T-U-F shape designators 
represent the following: 


e S—studs or joist sections 
with lips (C-shape) 

e T—track sections 

e U—U-channels or channel 
studs (without lips) 

e F—furring channels 


Light-Gauge Steel 
Shapes 


FURRING CHANNEL 
Figure 45-2. C-shapes, tracks, U-channels, 


and furring channels are the most common 
light-gauge steel framing member shapes. 
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STEEL GAUGE EQUIVALENTS 


.— 20 (light-duty) 
. 0 (standard) 


* in in. 
tin mm 


Figure 45-3. Light-gauge steel thickness is expressed as gauge, mils, and millimeters. 


When using The Right 
S-T-U-F system, the web depth 
and flange width are expressed in 
hundredths (400) of an inch. 
For example, the web depth 
for a stud with a 6” depth is 
expressed as 600 (6” = V4oo x 600). 
The flange width for a stud with 
152” flanges is expressed as 162 
[193 = 1.625”; 1.62 = 109 162). 
Steel thickness of light-gauge 
steel framing members is the 
thickness of the base metal (in 
mils) before being galvanized. 
See Figure 45-4. 


FASTENERS 


Proper fastening systems are 
crucial for establishing proper 
connections between steel 
framing members. Fastening 


MEMBER 
DEPTH 


CODE 
APPROVAL 


SHAPE FLANGE MATERIAL 


systems include self-tapping 
screws (including self-drilling 
and self-piercing screws), welds, 
and spot clinching. Pneumati- 
cally driven pins are commonly 
used to fasten subfloor and 
sheathing to steel joists and 
studs. Powder-actuated fasten- 
ers may be used to fasten tracks 
for non-load-bearing walls to 
concrete and masonry. 


Self-Tapping Screws 


Self-tapping screws are used to 
fasten metal framing members 
to each other and to fasten other 
materials to metal framing 
members. As the name implies, 
self-tapping screws cut their own 
threads as they are being driven 
into the metal framing members. 


WIDTH THICKNESS 


Figure 45-4. The Right S-T-U-F system identifies the web depth, shape, flange width, 


and steel thickness. 
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Self-tapping screws include self- 
drilling and self-piercing screws. 
See Figure 45-5. 


| Self-Tappin 


Screws - 
] Figure 45-5 s E I i a DIS eed L L E aa 


BUGLE THREADS DRILL POINT 


SELF-DRILLING 
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HEAD THREADS 


PIERCING POINT 


SELF-PIERCING 


Figure 45-5. Self-drilling and self-piercing 
screws are used to connect light-gauge 
steel members. 


Self-drilling screws are the 
most frequently used steel-to- 
steel fasteners. Most screws used 
in light-gauge framing have a 
Phillips recess or hex head and a 
galvanized finish. The points of 
self-drilling screws drill through 
the steel layers before the screw 
threads engage. The drill point 
of the screw must be sharp and 
long enough to penetrate the steel 
being fastened together. Self- 
drilling screws should be 9$" 
to %” longer than the materials 
being fastened together to ensure 
the screw threads do not engage 
the steel before the hole is drilled 
through subsequent layers of ma- 
terial and to ensure that at least 
three threads will extend past the 
fastened material. Coarse screw 
threads are commonly used for 
light-gauge steel framing op- 
erations. Finer threads may be 
used when tapping into thicker 
steel material. 

Self-piercing screws have a 
sharp point capable of penetrat- 
ing and tapping thin metal. Screw 
diameters are identified by gauge 


numbers, which range from #6 to 
314. The most frequently used 
self-piercing screw diameters are 
#6, #8, and #10, which are .138”, 
164”, and .190”, respectively. 

A variety of screw head 
types are available for different 
metal framing operations. See 
Figure 45-6. Screws with pan, 
hex washer, or pancake heads 
are recommended for fastening 
steel to steel. Figure 45-7 pro- 
vides a chart of fasteners and 
their applications. 


Drive Pins 


Drive pins may be used to fasten 
panel sheathing, such as OSB 
or plywood, to metal framing 
members for walls, floors, and 
roofs. Drive pins are driven by 
pneumatic nailers specifically 
designed to fasten panel products 
to metal framing members. 

Drive pins are made of heat- 
treated high-carbon steel that 
produces a very hard fastener. 
Drive pins have spiral grooves or 
knurls on the shanks to draw the 
pins tight when driven. As a pin 
is driven, the point penetrates the 
sheathing and bores through the 
steel. This action pushes the steel 
outward away from the pin. The 
steel then compresses and grips 
the pin. See Figure 45-8. 

Pin length is measured from the 
underside of the head to the tip 
ofthe point. The shank diameter 
is identified by the diameter of 
the steel wire used to make the 
pin. Common pin shank diameters 
are 0.100” (342”) and 0.120" (V&"). 
Head diameters are usually V4 
for thinner shank pins. 

Since drive pins may be ex- 
posed to damp conditions, a 
corrosion-resistant coating is re- 
quired. Drive pins may be galva- 
nized or another type of coating 


may be applied. 
A 


| Beier on before driving 
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Figure 45-6. A variety of screw head types are available for metal framing operations. 
Pan, hex washer, and pancake heads are commonly used for light-gauge steel framing 
operations. 


Brick ties #8 (minimum) self-drilling hex head screws 


i heads 


crews with low-p 


... 88 (minimum) self-drilin 


- #6 (minimum) self-piercing screws for 33 mil and thinner 
material. #6 self-drilling screws for 33 mil and thicker 
13 material. + 


uae oy 


; Interior trim — 


#6 trim head screws, or finish nails and adhesive ~ : 


| Rigid foam insulation ~ Roofing nails for structural sheathing, or #6 self-drilling 
5 . bugle head Screws with washer to steel 
#8 (minimum) self-drilling bugle head screws to steel or 


| Siding—hardboard, fiber 
. 8 self-piercing screws to structural sheathing 


cement,orpanel — 


#8 (minimum) self-drilling screws with low-profile heads `- 
for gypsum board and sheathing. Use hex head screws 
for other applications. 


Steel-to-steel, load- — 
bearing 


Steel-to-steel, non-load- |. $6 (minimum) self-piercing screws with low-profile 

bearing (less than 33 mil) ^ heads | — 
| #8 (minimum) self-drilling bugle heads screws or 
s pneumatic pins 


Structural sheathing 


Roofing nails for structural sheathing or #8 self-drilling 


Stucco lath 
low-profile screws to steel - 
Vinyl siding #8 (minimum) self-piercing screws to structural sheath- 


ing or #8 self-drilling screws to steel 


E Fastener length varies depending on thickness of material being joined. Screws must 
penetrate all layers of material and have three exposed threads. 


Figure 45-7. No. 8 screws are used most often as light-gauge steel fasteners. 
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| HEAD DIAMETER 
SHANK DIAMETER 


SPIRAL-GROOVED 
OR KNURLED 
SHANK 


FRICTION 
FORCE 


STUD 


Figure 45-8. Drive pins are held in place 
by the compressive force of metal framing 
members. 


Welding 


Welding can be used to prefab- 
ricate wall sections. Most often, 
wall sections are welded in a 
shop, rather than on the job site. 
See Figure 45-9. Welding must 
be performed by certified weld- 
ers and according to American 
Iron and Steel Institute (AISI) 
specifications. 

When welding light-gauge steel 
components, the zinc coating 
applied during the galvanization 
process will be destroyed in the 
area surrounding the weld. A 
corrosion-resistant coating must 
be applied to this area. 
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Figure 45-9. Welding must be performed 
by a certified welder. 


Spot Clinch Connections 


Spot clinching is a method 
for joining two metal fram- 
ing members and provides a 
strong connection without the 
use of mechanical fasteners. 
In the spot clinching process, 
a pneumatic clincher is used 
to press a section of one fram- 
ing member into the adjoining 
member, leaving a button or 
stitch indentation. See Figure 
45-10. Spot clinching is cur- 
rently approved by the In- 
ternational Code of Building 
Officials (ICBO), but is not 
yet approved by other code 
organizations. 


FINGER 
GUARD 


CLINCHER 


If a clinch is made in a wrong 
place, the connection has to be 
drilled or cut out. Therefore, ac- 
curate layout is essential when 
spot clinching metal framing 
members. 


FRAMING TOOLS 


A variety of power and hand 
tools may be used when working 
with metal framing members, 
including a screwgun or drywall 
screwdriver; and pneumatic 
steel framing tool, chop saw, 
power shears, plasma arc cut- 
ting equipment, aviation snips, 
and clamps. 


Screwguns and Drywall 
Screwdrivers 


An adjustable-clutch screwgun 
is used to drive self-tapping 
screws when fastening metal 
framing members together. 
Screwguns are available in 
cordless (battery-operated) and 
corded (AC-powered) models. 
Self-feeding screwguns allow 
rapid installation of screws 
and eliminate the need for 
manually placing screws be- 
fore driving them. Screwguns 
used for metal framing should 
include a variable speed con- 
trol, adjustable depth locator, 
and adjustable clutch. The 
adjustable clutch disengages 
when the screw has reached its 
proper tightness and depth. 


CLINCH JOINT 


Figure 45-10. Spot clinching is a method for joining two metal framing members and 


provides a strong connection. 


A drywall screwdriver is used 
to fasten metal framing mem- 
bers together and to fasten panel 
sheathing or gypsum board to 
metal framing members. See 
Figure 45-11. The nose piece on 
a drywall screwdriver controls 
the depth to which the screw 
is driven and prevents screws 
from going through the panel or 
gypsum board. 


Figure 45-11. A drywall screwdriver is com- 
monly used in metal framing operations. 


Driving Screws. When con- 
necting metal framing members 
of different thicknesses, drive 
screws through the thinner ma- 
terial and into the thicker mate- 
rial. The screw head will bring 
the thinner and more flexible 
metal into tight contact with the 
thicker metal. 

When driving screws, start 
the screw spinning slowly to 
allow the point to cut through 
the metal. Increase the speed as 
the screw penetrates through the 
metal and maintain the speed 
until the screw has reached its 
maximum tightness. 


Pneumatic Steel Framing 
Tools 

Pneumatic steel framing tools, 
or pin guns, are used to install 
drive pins. See Figure 45-12. 
Pneumatic steel framing tools 
operate on air pressure ranging 
from 90 psi to 120 psi. The pres- 
sure required to install drive pins 
depends on the steel thickness. 


Pneumatic steel framing tools 
have a safety contact to prevent 
the gun from firing unless the 
trigger is pressed and the tool 
is firmly pressed against a work 
surface. An overdrive control 
mechanism prevents overdriving 
of the pins. In addition, the air 
compressor line pressure must 
be adjusted to the proper setting 
for the steel to be fastened. 


Driving Pins. A drive pin should 
be driven so its head is flush 
with the panel surface. See Fig- 
ure 45-13. 

An over-driven pin will rup- 
ture the top surface of the wood 
and weaken the panel where the 
pin has been driven. 


ET&F Fastening Systems, Inc. 


Figure 45-12. Pneumatic steel framing 


tools are used to install drive pins. 


ACCEPTABLE 


OVERDRIVEN 


Anunderdriven pin will cause 
a weak, loose connection be- 
tween the panel and metal fram- 
ing member and contribute to a 
squeaky floor. An underdriven 
pin should be removed using 
a hammer or prybar. Do not at- 
tempt to set an underdriven pin 
by shooting it again. Do not hit 
the pin with a hammer as this 
will only loosen the pin. 

When installing drive pins, a 
tight fit must be maintained be- 
tween the surfaces being joined. 
Drive pins will not pull panel 
sheathing tightly against the 
metal framing member. 


Abrasive Cutoff Saws 


An abrasive cutoff saw, or chop 
saw, is a power tool used to cut 
metal framing members. Unlike 
power miter saws, abrasive cut- 
off saw blades cannot be rotated 
from side to side for angled cuts. 
Rather, the saw fence is adjusted 
from side to side for angled 
cuts. An abrasive cutoff saw 
is equipped with an abrasive 
blade. See Figure 45-14. 


UNDERDRIVEN 


Figure 45-13. When attaching wood to steel, a pin must be driven so its head is flush 
with the surface of the wood. 
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Figure 45-14. An abrasive cutoff saw is used to cut heavy-gauge framing members. 


Abrasive Cutoff Saw Safety. 
Hand and eye injuries are typ- 
cially assocated with abrasive 
cutoff saw accidents. While 
the abrasive blade does not 
contain teeth like a standard 
wood-cutting blade, hand or 
finger injuries may result from 
them being in the travel path of 
the blade. In addition, proper 
eye and face protection should 
be worn since airborne metal 
particles are generated when 
cutting. Abrasive cutoff saw 
safety rules to observe include 
the following: 

* Ensure the proper type of 
blade is being used for the 
material being cut. 

* Ensure the metal framing 
member is properly secured 
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in the workpiece clamp be- 
fore turning on the saw. 

e Check the blade for cracks or 
chips before use. 

e When mounting an abrasive 
blade, ensure the arrow on 
the blade corresponds to the 
direction of spindle travel. 

e After starting the saw, al- 
low it to attain full speed. 
Observe the saw before cut- 
ting to ensure the saw is 
in balance and the blade is 
running true. 

* Ensure the blade guard is in 
the proper position. 

* Donotforcethe blade through 
the material being cut; allow 
the blade and weight of the 
saw to make the cut for you. 


* Do not allow excessive heat 
to be generated at the cut- 
ting edge of the blade. 

* Always wear appropriate 
personal protective equip- 
ment, including head, eye, 
and ear protection. 


D 


Abrasive Cutoff Saw Safety 
Media Clip 


Power Shears 


Hand-held power shears can 
cut metal up to a thickness of 
68 mils. See Figure 45-15. Vari- 
ous models of power shears are 
available. 


TRIGGER 


SWITCH 


PISTOL-GRIP 
HANDLE 


i Milwaukee Electric Tool Corp. 
Figure 45-15. Power shears can cut metal 
up to a thickness of 68 mils. 


Plasma Arc Cutting 
Equipment 

Plasma arc cutting is an electric 
arc cutting process in which 
metal is cut by melting a por- 
tion of the metal and blowing 
the molten metal away with a 
stream of heated, high-velocity 
ionized gas. See Figure 45-16. 
Plasma arc cutting is used when 
a large number of metal framing 
members must be cut. 


Aviation Snips 

Metal framing members up to 
43 mil thick are typically cut with 
aviation snips. Aviation snips 
are available in straight-, left-, or 
right-cutting models. Straight- 
cutting aviation snips are used for 
most metal framing operations. 


POWER SUPPLY 


METAL STUD CUT A 
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Figure 45-16. Plasma arc cutting is commonly used when prefabricating metal-framed 


panels in a shop. 


Clamps 


A locking C-clamp is conve- 
nient for holding metal framing 
members tightly together while 
they are being fastened. See 
Figure 45-17. Small bar clamps 
may also be used to hold mem- 
bers together, but are used 
less frequently than locking 
C-clamps. 


S 45-17. A NU C- T secures 
metal framing members tightly together 
while they are being fastened. 


METAL FRAMING SAFETY 


General safety procedures used 
for wood framing also apply to 
steel construction. Additional 
safety procedures for metal 
framing are as follows: 


e Wear gloves whenever pos- 
sible. The gloves should 
be thin enough to hold 
screws and other fasteners, 
but thick enough to protect 
hands from cuts. 

Be aware of sharp edges 
when handling steel. 
Wear ear protection when 
subjected to loud noises, 
especially when cutting 
metal framing members 
using a chop saw. 

Wear goggles when using a 
chop saw to protect from fly- 
ing steel fragments. Goggles 
should also be worn when 
cutting or fastening over- 
head framing members. 
Use care when handling 


wet metal framing members 4$ 


as they may be slippery. 
Do not drop metal fram- 
ing members on electri- 
cal cords. The sharp steel 
edges can cut through the 
cord insulation and create 
an electrical hazard. 


LIGHT-GAUGE STEEL 
CONSTRUCTION METHODS 


A carpenter experienced in wood 
framing can easily adapt to steel 
framing. The layout and compo- 
nents of a metal-framed build- 
ing are similar to the layout and 
components of a wood-framed 
building. The main differences 
are the fastening devices and 
tools used to construct metal- 


framed buildings. 


First-Floor Unit 


A metal-framed first-floor unit 
resting on full-basement or 
crawl-space foundation walls 
is secured to the foundation 
with anchor bolts. The main 
components of a metal-framed 
floor unit are the joists, rim track, 
cross bridging, and blocking. 
A plywood or OSB subfloor is 
installed after the floor unit has 
been framed. 

Load-bearing C-shape steel 
joists are available in sizes com- 
parable to wood joists and range 
from 2 x 6s to 2 x 14s. Joist thick- 
ness and size are determined by 
the live and dead loads the floor 
must support and its unsup- 
ported span. See Figure 45-18. 
Openings are provided in the 
webs for utilities such as electri- 
cal wiring and plumbing. Floor 
joists should be positioned so the 
openings are at least 12" from 
any bearing points. The outer 
ends of the joists are attached 
by metal angles to a rim track 
that serves the same purpose 
as a header joist in wood-frame 
construction. 
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Figure 45-19 shows a framed 
floor unit over a full-basement 
foundation. The rim track is di- 
rectly fastened to the foundation 
with clip angles. One part of the 
clip angle is secured to the foun- 
dation wall using an anchor bolt 
and the other part is secured to 
the rim track with screws. Bear- 
ing stiffeners tie together the ends 
of the joists and the rim track. 
In hurricane and seismic areas, 
holddowns may be required to tie 
the wall studs and track together 
and fasten the assembly to the 
foundation. See Figure 45-20. 


aps 
UB oe Arten = cdm "— 
= Refer to manufacturer instructions 
' before installing holddowns. 


Light-gauge steel framing members with a dimpled texture provide many benefits includ- 
ing better screw-holding capabilities. 
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First-Floor Unit 


Figure 45-19 
TRACK SCREWED TO BLOCKING PLACED RIM TRACK BEARING STIFFENER 
TOP AND BOTTOM BETWEEN EVERY P3 FASTENS JOIST TO 


FLANGES OF JOIST 
CANTILEVERED 


OTHER JOIST EIGHT 
#8 SCREWS 


FOUNDATION pc 


JOIST > 
CLIP ANGLE FASTENS 


RIM TRACK TO 
FOUNDATION 


FLOOR TO FOUNDATION CONNECTION 


FOUNDATION 


ANCHOR BOLT 


WEB STIFFENER CONNECTS 
BLOCKING TO JOIST 


\ 
CLIP ANGLE AND ANCHOR BOLT 


CANTILEVERED JOISTS 


A > RIM TRACK 
P FOUNDATION 
WALL 


ONE # 8 SCREW THROUGH 
EACH FLANGE 


: a 
STRAPPING 
12-0" OC 

MAXIMUM 


CLIP ANGLE 


CROSS BRIDGING 


TWO #8 SCREWS 
THROUGH EACH LEG 


D 
SOLID BLOCKING 


FOUR #8 SCREWS THROUGH 
." BEARING STIFFENER AND 
BOTH JOISTS 


BEARING | 
STIFFENER 


STEEL BEAM 
SUPPORTS 
LAPPED JOISTS 


Z^ \ TWO #10 
E SCREWS 


JOISTS LAPPED OVER BEAM 


in components of a metal-framed floor unit are the joists, rim track, cross bridging, and blocking. Ensure framing 


Figure 45-19. The ma : ; Tus 
lled in the same direction so cutouts align to allow easy installation of utilities. 


components are insta 


Unit 45 Metal Framing 427 


HOLDDOWN 


Figure 45-20. Holddowns tie the wall studs 
and track together and fasten the assembly 
to the foundation. 


Where intermediate support 
is required, the joists are lapped 
and tied together over a beam 
or load-bearing wall. For spans 
over 12', solid blocking or cross 
bridging is required at the cen- 
ters of the spans to prevent the 
joists from twisting. 

Where cantilevered joists 
are required, blocking must be 
installed where the joists rest 
on the foundation wall. Block- 
ing is installed between every 
other joist. 


The floor opening for a stairway 
is framed with headers tied to 
trimmer joists. See Figure 45-21. 
A trimmer joist is constructed 
by fitting a C-shape joist mem- 
ber inside a track member of 
equal size and securing the two 
members together with 48 screws 
24" OC. Clip angles tie the head- 
ers to the floor joists. 


Installing Subfloors 


A plywood or OSB subfloor is 
installed after the floor frame is 
complete. Subfloor material and 
thickness are specified based on 
the local building code. When 
floor joists are spaced 24" OC, 
23/5?" tongue-and-groove APA- 
rated sheathing is typically 
used for the subfloor. Ends of 
the subfloor panels are staggered 
in a manner similar to subfloor 
panels for a wood-framed build- 
ing. Self-drilling screws should 
be used to secure the subfloor 
in place as they will penetrate 
the panels without lifting them. 
Spacing between screws is com- 
monly 6” OC along the edges 
and 12" OC at intermediate 
joists unless the manufacturer 
recommends closer spacing. 
The proper spacing of screws 
helps prevent squeaky floors. 


TRIMMER JOIST 
CONSTRUCTED OF C-SHAPE 
JOIST AND TRACK 


Figure 45-21. Similarto wood-framed floor openings, additional support must be provided 


around floor openings in metal-framed buildings. 
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To further reduce squeaking, an 
adhesive or foam tape specified 
for wood-to-steel connections 
can be placed between the joists 
and subfloor panels. In addition 
to preventing squeaking, foam 
tape provides a thermal barrier 
over basements and crawl spaces. 
When using an adhesive between 
the joists and subfloor panels, 
ensure that the panels are placed 
and fastened before the adhesive 
sets. If the adhesive is allowed to 
set before placing the panel, the 
adhesive will form a skin and act 
like a flexible gasket rather than 
bond with the wood, resulting in 
potentially squeaky floors. 


Walls 


In-line framing (stacking) is used 
for light-gauge steel construction. 
In-line framing requires that all 
joists, studs, and roof rafters 
are in a direct line with one an- 
other. See Figure 45-22. A maxi- 
mum variance of 3⁄4” on either 
side of the centerline is allowed. 
Unlike the double top plates of a 
wood-framed building, the hori- 
zontal tracks of a metal-framed 
wall cannot adequately support 
weight between the spans of the 
studs or joists. 


il 


Figure 45-22. In-line framing requires that 
the joists, studs, and roof rafters be in a 
direct line x34". 


Steel Studs and Tracks 


Steel studs are the vertical up- 
rights, which serve the same 
purpose as wood studs. The steel 
studs used most often have a 
3%” or 5%” web dimension, cor- 
responding to wood 2 x 4s and 
2 X 6s, respectively. Knockouts, 
or punchouts, are provided in the 
webs for utilities such as electri- 
cal wiring and plumbing pipes. 
Top and bottom tracks are 
comparable to the top and 
bottom plates in wood-frame 
construction. Tracks consist of 
a web and two flanges. The web 
width of a track must be equal 
to the web width of the studs. 
See Figure 45-23. Track flanges 
may be bent slightly inward to 
ensure a tight fit between the 
track and studs. The studs are 
placed at an angle between the 
track flanges and turned so they 
are perpendicular to the track. 


TOP TRACK 


BOTTOM TRACK 


Figure 45-23. Studs fit into the top and 
bottom tracks and are secured with one 
#8 screw in each flange. Studs should be 
oriented the same way to ensure utility 
cutouts align properly. 


Load-Bearing and Non-Load- 
Bearing Studs. Steel studs are 
categorized as load-bearing and 
non-load-bearing. Load-bearing 
studs, commonly referred to as 
heavy-gauge framing, range in 
thickness from 20 ga (.835 mm) 
to 14 ga (1.91 mm), and are 
used to support heavier vertical 
loads. The heavier thicknesses 
may be used in multistory 
construction. 


Non-load-bearing studs, also 
referred to as drywall studs, 
range in thickness from 25 ga 
(.454 mm) to 20 ga (.835 mm). 
Non-load-bearing studs are only 
used as interior partition studs 
and do not support loads other 
than the attached gypsum board 
or plaster finishes. 


Shear Walls. Steel-framed walls 
must have sufficient shear 
strength to resist lateral loads 
caused by high winds and seis- 
mic conditions (earthquakes). 
The steel framework of a typical 
shear wall in residential and 
light commercial construction 
includes APA-rated panels (OSB 
or plywood) on the exterior sur- 
face and gypsum board on the in- 
terior surface, which are attached 
with self-drilling screws. Steel 
diagonal bracing and horizontal 
bracing are also required. Shear 
walls in commercial construc- 
tion may consist of steel sheath- 
ing on one side and diagonal 
bracing on the opposite side. 


ONE i 
#8 SCREW IN — 
EACH FLANGE 


FOUR 
38 SCREWS IN 
EACH FLANGE 


Figure 45-24. The bottom track of a wall is secured to the foundation with anchor bolts. 
Bottom tracks must be reinforced to ensure a proper connection. 


Walls over Concrete Slabs. An- 
chor bolts are commonly used 
to secure the bottom tracks of 
load-bearing exterior walls 
to concrete slabs or founda- 
tions. Bottom tracks must be 
reinforced with a washer, hold- 
down bracket, or plate to ensure 
a proper connection. See Figure 
45-24. Anchor straps and mush- 
room spikes may also be used to 
secure the bottom tracks in posi- 
tion. Powder-actuated fasteners 
should not be used to perma- 
nently anchor bottom plates to 
slabs or foundation walls. 

The bottom tracks of non- 
load-bearing interior partitions 
are commonly secured with 
powder-actuated fasteners. 


Wall Construction 


A first-floor exterior wall placed 
over the floor joists and sub- 
floor is shown in Figure 45-25. 
Note the in-line framing of the 
studs directly above the joists. 
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Metal-Framed Exterior Walls 
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Figure 45-25. The main components of an exterior wall placed over the floor unit include top and bottom tracks, studs, diagonal ten- 
sion straps, horizontal bracing, strap stud bracing, and corner posts. 
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The wall includes a window 
opening with a header, sill 
plate, and top and bottom 
window cripple studs. Diago- 
nal braces, or tension straps, 
are used to brace studs against 
lateral movement. An outside 
corner post and stud-to-track 
connections are identified. Ex- 
terior walls are sheathed with 
APA-rated structural panels 
(OSB or plywood). 


Headers. Similar to wood-frame 
construction, headers are in- 
stalled above wall openings 
in exterior walls and interior 
load-bearing walls. Headers are 
formed with two equal-size C- 
shape framing members (box 
beam header or back-to-back 
header), or may be constructed 
with one or two angle pieces 
that fit over the top track (L- 
header). See Figure 45-26. 

Box beam headers are com- 
monly used if holddown straps 
are used to anchor trusses or 
rafters to the top ofthe wall. Box 
beam headers must be insulated 
before installing them. Back-to- 
back headers can be insulated 
after installation. 


Reinforced Metal Headers - 


Figure 45-26 


TRACK OR C-SHAPE 
MEMBER ATTACHED 
WITH #8 SCREWS 


TWO #8 SCREWS 
24” OC 


Inside Corner Posts. An inside 
corner post is required for proper 
attachment of interior wall fin- 
ish material. An interior corner 
post can be constructed in sev- 
eral ways. Figure 45-27 shows 
two methods for constructing 
inside corner posts. Where a 
non-load-bearing wall intersects 
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Unreinforced headers are used to span openings and doorways in non-load-bearing 


with a load-bearing wall, a 6” or 
larger stud can be installed in 
the exterior wall and a smaller 
stud is fastened back-to-back 
with the larger stud. Another 
method, similar to constructing 
inside corners for wood-framed 
buildings, involves fastening two 
equal-size studs back-to-back. 


metal-framed walls. Additional bracing may be required for longer spans to ensure a 


straight and plumb run. 
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Figure 45-26. Reinforced headers are required in load-bearing walls. Box beam, back-to-back, or L-headers may be used. 
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Figure 45-27. An inside corner post provides support for interior wall finish materials. 


Another method involves the 
use of a slammer stud, which is 
attached to the top and bottom 
tracks to provide a bearing surface 
for interior wall finish material. 
Blocking is installed between the 
studs on each side ofthe slammer 
stud for additional support. 


Framing Walls. Wall studs can 
be precut to the proper length 
and delivered to the job site, 
or they can be cut on the job 
site with a chop saw. The walls 
are framed on the subfloor or 

a separate panel table. A com- 

mon wall-framing procedure is 

as follows: 

1. Lay out the walls on the 
subfloor or panel table and 
snap lines. 

2. Cut the bottom and top 
tracks. Where it is necessary 
to splice the tracks, insert a 
short piece of stud material 
and fasten it to the tracks 
where they butt together. 
See Figure 45-28. 

3. Position the tracks on edge 
next to each other. Use a 
black felt-tip marker to lay 
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out the studs, usually 24" 
OC. Mark the tracks using 
standard conventions as 
shown in Unit 43. 
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Figure 45-28. A short piece of stud mate- 
rial is commonly used to splice tracks. 


4. Lay out door and window 
openings using a red felt-tip 
marker. 

5. Preassemble the door and 
window framing members 
and place them as a unit 
between the tracks. 

6. Position the studs between 
the flanges of the top and 
bottom tracks. Tap the track 
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flanges against the studs to 
ensure the studs are tight 
against the track. Secure the 
studs and tracks together 
with a locking C-clamp. 
Fasten the studs to the track 
flanges with #8 self-drilling, 
low-profile screws. 

7. Turn the wall over after the 
studs and tracks have been 
fastened together. Secure the 
track flanges to the studs us- 
ing the previous procedure. 

8. Square the wall by measur- 
ing diagonally from corner 
to corner. Adjust the wall 
squareness so equal di- 
agonal measurements are 
obtained in each direction. 

9. Attach diagonal and horizon- 
tal bracing to the wall studs, 
especially at door openings 
where the bottom track is 
weak. Studs are commonly 
used for diagonal bracing. 


iad) 


Metal-Framed Rough Openings 
Media Clip 


Raising Walls. A common pro- 
cedure for raising and placing 
the wall is as follows: 


1. Measure the locations of the 
foundation anchor bolts. 
Transfer the measurements 
to the bottom tracks and 
drill holes so the tracks fit 
over the bolts. 

2. Raisethe wall and position 
it over the anchor bolts. See 
Figure 45-29. 

3. Attach braces to the ends of 
the wall and approximately 
every 8' to 12' between the 
ends. Studs about 12' long 
work well for braces. Nail 
wood blocks to the subfloor 
next to the lower ends of the 
intermediate braces. 

4. Plumb both corners of the 
wall using a magnetic level. 
Fasten the lower ends ofthe 
braces to the outside joists. 

5. Runa string from corner to 
corner with stand-off blocks 
at each end. Using a gauge 
block equal in thickness to 
the stand-off blocks, align 
the top of the wall. Fasten 
the lower ends of the inter- 
mediate braces to the blocks 
nailed to the subfloor. 

6. Allowthe temporary braces to 
remain in place until the en- 
tire building has been framed 
and the sheathing or straps 
have been fastened to walls. 


Ceiling-Floor Joists 


Ceiling joists are placed after the 
walls below have been plumbed, 
aligned, and braced. For a multi- 
story building, the ceiling joists 
also serve as floor joists. The 
framing procedure, fasteners, and 
components are the same as those 
used for the first-floor joists. Ceil- 
ing joist bracing is fastened to the 
bottoms of the joists where spans 
exceed 12’-0”. See Figure 45-30. 
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Figure 45-29. After a wall has been framed and squared, it is raised into position. 
Temporary diagonal bracing remains in place until structural sheathing is fastened to 
the wall. 
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Figure 45-30. A continuous strap beneath the joists and solid bridging 12’ OC are at- 
tached to the ceiling joists to provide rigidity. 
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Ceiling joists must be placed 
directly above and in line with 
the studs below. When joists are 
lapped over an interior load- 
bearing wall, the first-floor wall 
studs will be directly under one 
of the lapped ends. See Figure 
45-31. A bearing stiffener is 
used to secure the lapped ends 
in position. 

If continuous-span joists sup- 
ported by a load-bearing wall at 
the midpoint are used, the stud 
should be placed directly under- 
neath. Where walls below run 
parallel with the ceiling joists, 
blocking is placed between the 
joists a maximum of 48" OC to 
provide anchorage for fastening 
the top ofthe walls to the ceiling. 
See Figure 45-32. 


Metal Ceiling-Floor Joists 
Media Clip 


Roof Rafters 


The heel (lower end) of a roof 
rafter rests on the track of a load- 
bearing wall below. Roof rafters 
are positioned next to ceiling 
joists and are securely fastened 
to the webs of the ceiling joists. 
The upper ends of the rafters are 
fastened to the ridge. 

For rafters covering longer 
spans, rafter support braces 
extending from the ceiling joists 
to each of the rafters are in- 
stalled. See Figure 45-33. Rafter 
support braces are typically 2 
x 4 x 33 mil C-shape members 
which are fastened to each ceil- 
ing joist and rafter with four 
#10 screws at each end. The 
rafter support braces and rafters 
are stiffened by lateral braces. 
Lateral support braces for rafter 
support bracing are C-shape or 
track members spaced 4' OC. 
Lateral support braces for rafters 
are fastened to the bottom flange 
of the rafters, and could be flat 
straps, C-shape members, or 
track members. 
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Figure 45-31. When joists are lapped over a load-bearing wall, studs should be placed 
directly below the lapped ends. A bearing stiffener provides additional support. 
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Figure 45-32. Where a wall below runs parallel with the joists, blocking is placed a maxi- 
mum of 48” OC between the joists for fastening the tops of the wall to the ceiling. 


Roof Trusses 


Metal roof trusses are frequently 
used to construct roofs over met- 
al-framed buildings. See Figure 
45-34. The design, shapes, and 
engineering principles of metal 
roofs are similar to wood trusses 
(discussed in Unit 50). Temporary 
and permanent bracing methods 
for metal trusses are also similar 
to those for wood trusses. 

Metal roof trusses can be 
constructed on the job site. 
Most often, however, metal 
roof trusses are prefabricated 
in a shop. See Figure 45-35. 


The trusses may be constructed 
on a level surface, such as the 
shop floor or subfloor, or on 
an elevated jig platform. Many 
manufacturers design the entire 
roof structure and furnish shop 
drawings and specifications to 
a general contractor. 
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Figure 45-33. A light-gauge steel roof framework requires considerable bracing. 


Figure 45-34. Light-gauge steel trusses are very frequently installed over steel-framed 
walls. 


TrusSteel Div. of Alpine Engineered Products, Inc. 


Figure 45-35. Light-gauge steel trusses are 
commonly prefabricated in a shop. 
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Seismic and hurricane ties 
should be used with metal raf- 
ters and trusses in areas prone to 
earthquakes and severe winds. 
Figure 45-36 shows metal con- 
nectors used to tie metal-framed 
walls to metal-framed roofs. 


Figure 45-36. Seismic and hurricane ties 
should be used to tie metal-framed walls 
to metal trusses in areas prone to earth- 
quakes and severe winds. 


Panelized Systems 


Panelization is a system for pre- 
fabricating walls, floors, and roofs 
in separate sections. Panelization 
is practical and efficient when 
many panel types of the same 
dimensions are required, such 
as for an apartment complex. 
The panels can be made on the 
job site, but are most often pre- 
fabricated in a shop. In either 
case, a jig platform (table) is set 
up for each panel type. Studs 
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and joists are precut to length 
and placed into the jig where 
they are fastened together by 
screws or welding. Exterior 
sheathing is then fastened to 
the walls. Exterior finish may 
also be applied to the panels. 
After the panels are completed, 
they are transported by truck to 
the job site. 


STRUCTURAL STEEL FRAMING 


Structural steel framing, also 
referred to as red iron steel 
framing because of the char- 
acteristic color of the framing 
members, involves the use of 
bolted or welded connections 
to form the framework of a 
structure. The framing members 
are painted with a durable red 
oxide coating that resists corro- 
sion after being manufactured to 


specified sizes. The use of struc- 
tural steel framing is on the 
increase for residential and 
light-commercial buildings up 
to two stories in height. See 
Figure 45-37. 

Depending on the size of the 
framing members, structural 
steel framing members may be 
joined on the ground at the job 
site and erected using a crane, 
or the framing components may 
be erected individually and 
joined together. The assemblies 
or individual structural steel 
framing members are erected 
using a crane or other hoisting 
equipment. Columns are fas- 
tened to the foundation or con- 
crete slab using anchor bolts. 
The assemblies and individual 
framing members are joined 
using bolts and/or welding. See 
Figure 45-38. 


Figure 45-37. Structural steel framing is on the increase for residential and light- 
commercial buildings. Large open spaces can be created within a structure. 


COLUMN-TO-BEAM 
CONNECTION 


COLUMN-TO-FOOTING 
CONNECTION 


Figure 45-38. Bolted connections are commonly used for structural steel framing. 


Due to the size of the struc- 
tural steel framing members, 
larger open spaces can be cre- 
ated within a building, offering 
greater flexibility in room layout. 
Structural steel framing members 
are commonly spaced 8’-0” OC, 
and heavy-gauge steel framing 
members spaced 16” to 24" OC 
are used to fill the spaces between 
the structural steel members. See 
Figure 45-39. Door and window 
openings are framed using wood 
or heavy-gauge steel framing 
members. See Figure 45-40. 
Heavy-gauge steel is also used for 
ceiling joists and roof purlins. 
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Figure 45-39. Spaces between structural 
steel framing members are filled with 
heavy-gauge steel framing members spaced 
16" to 24" OC. 
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Figure 45-40. Window and door openings 
are framed with wood or heavy-gauge steel 
framing members. 


BUILDING ENVELOPE AND 
INSULATION 


After the building has been com- 
pletely framed, carpenters begin 
work on the building envelope, 
which mainly consists of the wall 


sheathing, insulation, and exte- 
rior finish. Electricians, plumb- 
ers, and sheet metal workers also 
begin roughing in the wiring, 
plumbing, and ductwork. 


Sheathing 


Plywood or OSB panels are typi- 
cally used for roof and met- 
al-framed wall sheathing. The 
panels, combined with diagonal 
bracing, produce a shear wall. 
Panel thickness and screw or 
drive pin sizes are usually in- 
cluded in the print specifications. 
A common example for wall and 
roof sheathing is %6” thick OSB 
fastened with #8 bugle-head self- 
drilling screws. Specialty screws, 
such as winged drill point screws, 
can also be used to attach sheath- 
ing to metal framing members. 
The wings create a pilot hole 


through the sheathing and snap 
off when the screw engages in the 
metal framing member. 

Screws or drive pins are in- 
stalled 3&" from the panel edge 
and typically spaced 6" OC along 
the edge and 12" OC at interme- 
diate studs. See Figure 45-41. 
Increased strength is obtained 
by applying a continuous bead of 
construction adhesive along the 
studs and rafters before fastening 
the panels in place. 


Exterior Finish 


Metal-framed buildings can be fin- 
ished with the same types of exte- 
rior wall and roof materials used for 
wood-framed buildings. A weather 
barrier, such as asphalt-saturated 
felt or housewrap, is first applied 
against the sheathing or framework 
(if sheathing is not required). 
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Figure 45-41. Oriented strand board or plywood is typically used as wall sheathing on 
steel-framed buildings. 
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Where sheathing has been ap- 
plied to the walls, the exterior 
finish materials are fastened to 
the sheathing using screws or 
nails. If shear walls are not 
required and no sheathing is 
placed first, the exterior finish 
materials are attached directly 
to the metal studs using screws. 


Masonry Veneer. When masonry 
is used as an exterior finish, wall 
ties fastened to the studs are 
embedded between the masonry 
courses. Several wall tie designs 
are available. One example is 
shown in Figure 45-42. 
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Figure 45-42. When installing a brick ve- 
neer wall, the wail ties are fastened to the 
sheathing and metal studs and embedded 
in the mortar between bricks. 


Exterior insulation and finish 
systems (EIFS) are common as 
exterior finish on metal-framed 
buildings. See Figure 45-43. One 
ofthe biggest advantages of using 
EIFS with metal-framed build- 
ings is the elimination of cold 
bridging. Cold bridging occurs 
when construction components 
(usually structural members or 
door or window frames), which 
have greater thermal conductiv- 
ity than the rest of the building, 
extend from the interior face to 
the exterior face of the building. 
Since structural members do 
not extend across the faces, cold 
bridging in EIFS construction is 
eliminated. In addition, there are 
no fasteners in contact with the 
exterior to transfer the cold to the 
interior of the building. 
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Figure 45-43. Exterior insulation and fin- 
ish systems are commonly installed over 
metal-framed buildings. 
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Insulation 


Metal studs conduct heat flow 
faster than wood; therefore, ade- 
quate insulation takes on added 
importance for metal-framed 
structures. Types of insulation 
similar to those used for wood- 
framed buildings are used for 
metal-framed buildings. See 
Figure 45-44. 
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Figure 45-44. Insulation for steel-framed buildings can be rigid foam insulation, fiberglass 


blankets or batts, or a combination of both. 


Rigid Foam Insulation Panels. A 
layer of rigid insulation over wall 
sheathing is considered the most 
effective insulation. When install- 
ing rigid foam insulation panels, 
self-drilling screws with washers 
should be used to prevent the 
screws from pulling through the 
insulation. Construction adhesive 
is also recommended. 


Blanket and Batt Insulation. 
Metal-framed walls require full 
16" or 24" faced or unfaced blan- 
kets or batts, depending on the 
stud spacing. The insulation is 
placed between the webs of ad- 
joining studs in a manner similar 
to wood-framed construction. 
Friction holds the insulation in 
place. For a proper friction fit, 
blanket or batt thickness must be 
approximately the same dimen- 
sion as the stud width and must 
fill the stud cavity. Friction instal- 
lation also requires that sheathing 
be installed on the outside of 
exterior walls, and wall paneling 
or gypsum board be directly fas- 
tened to the studs. The insulation 
is then enclosed on all four sides 
and cannot settle or shift. 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 


If the steel stud width exceeds 
the insulation thickness by more 
than 12”, faced blanket or batt 
insulation must be used. The 
insulation flanges are fastened 
to the stud flanges using tape. 
When the interior wall finish 
material is installed, the flanges 
will then be sandwiched be- 
tween the stud faces and the 
wall finish and secured by the 
wall finish fasteners. 


Attaching Interior Finish 


Different fastening methods are 
required when fastening finish 
materials to metal-framed walls 
than when fastening the ma- 
terials to wood-framed walls. 
Adhesives and screws are the 
primary means of attaching 
finish material to metal-framed 
walls. 


Wall and Ceiling Surfaces. Gyp- 
sum board is most often used for 
wall and ceiling surfaces. Gyp- 
sum board is typically fastened 
to metal framing members us- 
ing #6 bugle-head, self-piercing 
screws (drywall screws). Recom- 
mended screw lengths are 14%” 


for securing 1⁄2” gypsum board 
and 174" for %” gypsum board. 
When attaching gypsum board to 
18 ga studs, self-drilling screws 
should be used. Drywall screw- 
guns with a depth-setting nose 
piece prevent screws from being 
driven too deeply or through the 
gypsum board. 

Although used less often, 
plaster may also be used as a 
surface finish. Lath must be 
fastened to the studs as a base 
for the plaster using low-profile 
screws with washers. 


Molding. Trim head screws can 
be used to fasten molding to met- 
al studs. When using hardwood 
molding, a pilot hole should first 
be drilled through the molding. 
Molding can also be fastened 
in place using adhesives, with 
finish nails driven at an angle 
through the molding and gyp- 
sum board. 


Wall Cabinets. Wood or metal 
backing must be placed inside 
of the walls before they are 
covered with gypsum board or 
plaster. The cabinet backs are 
screwed into the backing. 


— 
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Roof Frame Construction 


UNIT 46 Basic Roof Types and Roof Theory ... 442 
UNIT 47 Gable, Gambrel, and Shed Roofs ... 448 
UNIT 48 Hip Roofs... 465 451, “Ss “Mie 
UNIT 49 Intersecting Roofs ...476 
UNIT 50 Roof Trusses... 495 ^ 
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he design of a roof affects 
the appearance of a build- 


ingandits construction. Roof | 


appearance must be in harmony 
with the remainder of the build- 
ing and the surrounding environ- 
ment. Proper water drainage from 


rain and melting snow is an im- 


portant aspect of roof design. 


BASIC ROOF TYPES 


Basic types of pitched roofs are 
shed, gable, and hip roofs. See 
Figure 46-1. Shed, gable, and hip 
roofs are traditional roof designs 
that have proven practical over 
hundreds of years and are still 
used in all types of construction. 
Flat roofs are most often used for 
buildings of modern design. 

The shed roof, or lean-to, is the 
simplest type of roof to construct 
as it slopes in only one direc- 
tion. Shed roofs may be used as 
the main roof of a building, but 
they are more often employed 
for small sheds, covered porches, 
and additions to a building. 

A gable roof has a ridge at the 
center and slopes in two direc- 
tions. Gable roofs are used more 
often than any other type of roof. 
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Roof Theory 


A hip roof has four sloping 
sides. Hip roofs are the strongest 
type of roof because they are 
braced by four hip rafters. Hip 
rafters run at a 45? angle from 
the corners ofthe building to the 
ridge. A hip roof is more difficult 
to construct than a gable roof. 

Two other types of roofs are 
gambrel and mansard roofs. 


| Figure 46-1 


SHED 


ee 


GABLE 


See Figure 46-2. Both roof types 
provide additional living space 
directly underneath. A gambrel 
roofis similar to a gable roof except 
that the slope of a gambrel roof is 
broken near the center of the roof, 
making a double slope on each 
side. A mansard roofis similar to a 
hip roof except that it has a double 
slope on each of its four sides. 


“Basic Types of Pitched Roofs —— 


Figure 46-1. Shed, gable, and hip roofs are the basic types of pitched roofs. 
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Figure 46-2. Gambrel and mansard roofs are similar to gable and hip roofs except that 


they have double slopes on each side. 


Other roof styles, such as the 
butterfly, monitor, and continuous- 
slope gable roofs, are variations 
of the shed, gable, and hip roofs. 
See Figure 46-3. The basic types 
can also be combined in various 
ways, producing intersecting 
roofs. See Figure 46-4. 
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GABLE ROOF VARIATIONS 


Figure 46-3. Butterfly and monitor roofs 
are variations of the shed roof design. 
Continuous-slope gable roofs are a varia- 
tion of the gable roof design. 


ROOF LAYOUT PRINCIPLES 


A roof that slopes in two or more 
directions is based on the shape 
of two or more right triangles. A 
shed roof, which slopes in one 
direction, is based on the shape 
of one right triangle. A gable 
roof slopes in two directions 
and is similar to the shape of 
two right triangles placed to- 
gether. See Figure 46-5. 

Carpenters must have the fol- 
lowing information to lay out a 
sloping roof: 

e Total span. The overall 
width of a building is the 
total span. The total span 
dimension is shown on 
the floor or roof plan of the 
prints. 


Intersecting Roofs = 


| Figure 46-4 


GABLE 
ROOF  .— È 


L-SHAPED GABLE 
ROOF 


L-SHAPED HIP 
ROOF 


e Total run. One-half the total 
span is the total run. 


e Total rise. The actual height 
of a roof is the total rise, or 
true rise. Total rise is mea- 
sured from the top wall plate 
to the ridge of the roof. 


Roof Pitch and Unit Rise 


Pitch refers to the angle (slope) 
of a roof. The amount of pitch 
is determined by the unit rise. 
On the prints (usually on eleva- 
tion or section drawings), a small 
triangle, or slope diagram, is 
shown with the unit rise and 
the unit run of the roof. The unit 
run, indicated along the base of 
the slope diagram, is always 12”. 
The unit rise is indicated along 
the side of the slope diagram. 
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Figure 46-4. An intersecting roof is formed when two roofs are combined. Among the 
many possible variations are the L-shaped gable and L-shaped hip intersecting roofs, 
and the T-shaped hip-and-gable intersecting roof. 
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Figure 46-5. The shape of a gable roof is based on two right triangles. A common roof 
rafter forms the third side (hypotenuse) of each triangle. 
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The unit rise is the number of 
inches that the rafter rises verti- 
cally for every foot of unit run. 
See Figure 46-6. As the unit rise 
of the roof increases, the slope of 
the roof becomes steeper. Unit 
rise is specified on the vertical 
leg of the slope diagram. 

Depending on the house and 
roof design, a moderate roof 
pitch of 3:12 to 6:12 is an opti- 
mal pitch to reduce wind loads. 
Gable roofs are more susceptible 
to wind loads than hip roofs. 
Roof overhangs wider than 2' 
produce higher uplift forces than 
narrower overhangs. 


Total Rise 


The total rise of a roof must be 
known before setting the roof 
ridge to its correct height and 
attaching the rafters. The total 
rise is calculated by multiplying 
the total run (in feet) by the unit 
rise (in inches). 

Figure 46-7 shows two ex- 
amples of calculating total rise 
of a roof. The examples shown 
and explained in this unit dem- 
onstrate theoretical roof dimen- 
sions that do not include roof 
overhangs and ridge boards. The 
inclusion of an overhang and 
ridge board will affect the actual 
total rise, and is explained in 
detail in Unit 47. 


STRUCTURAL FACTORS IN 
ROOF DESIGN 


A roof must withstand a great 
deal of weight and stress. To 
guarantee structural strength, 
the dead load and live load 
that a roof will bear must be 
considered in roof design and 
construction. Roof rafters, ceiling 
joists, and bracing such as collar 
ties and purlins are factors in 
roof strength. See Figure 46-8. 


Dead Load 


The dead load is the weight of the 
materials used to construct a roof. 
Roof rafters, sheathing, insula- 
tion, and finish covering (such as 
shingles or built-up roofing) are 
included in the dead load. 
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Figure 46-6. The unit rise of a roof is the number of inches the rafter will rise vertically 


for every foot of run. 


. Calculatin 
| Figure 46-7. 
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Determine total run. 
Total run = Total span + 2 
Total run = 30’-0” + 2 
Total run = 15’-0” 


Determine total rise. 
Total rise = Total run x Unit rise 
Total rise = 15'-0" x 8" 


Total rise = 120" = 10-0” 


12" UNIT RUN 


10” 
UNIT RISE 


|-—24'-6^ TOTAL SPAN = 


Determine total run. 
Total run = Total span + 2 
Total run = 24’-6” + 2 
Total run = 12’-3” 


Convert inches in total run to 
decimal feet. 

3” = .25’ 

Determine total rise. 

Total rise = Total run x Unit rise 
Total rise = 12.25’ x 10” 


Total rise = 122.5” = 10-21%” 


Figure 46-7. The total rise of a roof is based on unit rise and total run. 


Live Load 


The live load is the weight and 
pressure of wind and snow to 
which the roof will be subjected. 
In most parts of the United States, 
the combined wind and snow 
load for a pitched roof will not 
exceed 30 lb/sq ft. However, 
wind and snow loads differ from 
one part of the country to an- 
other, and local building codes 
reflect this difference. 

Flat roofs do not shed snow as 
easily as pitched roofs. Therefore, 


in cold climates, flat roofs carry 
heavier snow loads. In the north- 
ern states, a flat roof is usually 
required to withstand a live load 
of 40 Ib/sq ft. Unit 44 provides 
information regarding flat roofs. 


Allowable Rafter Spans + 


Dead and live loads have a direct 
effect on the allowable span of 
rafters used in a roof. The allow- 
able span is the distance from 
the ridge to the outside wall 
plates. Examples of allowable 


spans for roof rafters are given 
in Figure 46-9. Rafters for low- 
pitched roofs must be able to 
support greater live loads than 
rafters for steeper roofs. 


Ceiling Joists 


Ceiling joists are an important 
structural factor in roof systems. 
Ceiling joists secure the tops of 
the walls in place and prevent the 
weight of the roof from pushing 
walls apart. Ceiling joists usually 
run in the same direction as roof 
rafters. Whenever possible, seat 
ends of rafters should be nailed 
to the sides of ceiling joists and 
top wall plates. Ceiling joists are 
usually spaced 16" OC and roof 
rafters are usually spaced 24” OC. 
Under these conditions, rafters 
can be nailed only into every 
third ceiling joist. 

The following nailing schedule 
is recommended for ceiling joists 
and roof rafters at exterior wall 
plates: 


e ceiling joists to wall plates, 
toenail: three 8d nails 

e ceiling joists to parallel roof 
rafters, face nail: three 16d 
nails 

e rafters to wall plates, toenail: 
three 8d nails 


Refer to the local building code 
for nailing schedules permitted in 
your area. 

Lumber used for ceiling joists is 
often wider than lumber used for 
roof rafters. In this case, a slope 
must be cut at the end of the joist. A 
framing square can be used to mark 
the angle of the slope, as shown in 
Figure 46-10. 


Collar Ties and Purlins 


One method of strengthening a 
roof is to install collar ties (col- 
lar beams) at every second or 
third pair of rafters. Collar ties 
should be installed in the upper 
third area of the attic space and 
fastened at each end with four 
8d common nails. 
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Figure 46-8. Purlins and braces help support spans of longer rafters. 
PANS 
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Figure 46-9. The allowable span is the distance from the ridge to the outside wall plates. 
Hafter spacing and roof slope determine the allowable span. For example, 2 x 4 rafters 


spaced 16" OC have an allowable span of 8'-0" if the unit rise of the roof is less than 4". 
The allowable span is 9'-0" if the unit rise is 4" or more. 


Using Framing Square to Lay Out Ceiling Joist 
Slope 
Figure 46-10 
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Set framing square along edge of 
joist with roof unit rise on the tongue 
and unit run (12^) on the blade. Shift 
square so blade intersects rafter 
height mark at end of joist. 


[1] Mark height of rafter above plate at 
wall line. The height is equal to 
length of plumb line at that point. 


Figure 46-10. A slope cut must be made on the ends of ceiling joists. 
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Long rafters can be supported 
by purlins, which are horizontal 
members placed beneath and per- 
pendicular to the rafters at an in- 
termediate point between the roof 
ridge and exterior wall. Purlins are 
supported by braces that extend to 
the nearest interior partition. 


Rafter and Truss Anchors 


Roof and other structural dam- 
age may occur as a result of a 
roof separating from its support- 
ing walls. Extreme weather con- 
ditions, such as hurricanes and 
tornados, may generate enough 
force to significantly damage a 
roof or possibly remove the roof 
from the building. As high-ve- 
locity winds pass over a pitched 
roof, an uplift force exerts pres- 
sure on the roof surface. See 
Figure 46-11. If roof sheathing 
is not adequately fastened to the 
rafters or trusses, the sheathing 
panels may become dislodged. 


| Rafter and Truss Anchors 1 
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May be bent to fit a Ties roof rafters to wall 
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double top plates. 


Figure 46-12. Rafter and truss anchors tie rafters and trusses to the building walls. 
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If the roof sheathing performs 
as designed and stays attached, 
the uplift force is transferred to 
the rafters or trusses and their 
connections to the building 
walls. If the rafter-to-wall or 
truss-to-wall connection is suc- 
cessful, the uplift force is trans- 
ferred to the wall-to-foundation 
connections. 


UPLIFT 


Figure 46-11. As high-velocity wind passes 
over a pitched roof an uplift force is cre- 
ated, pulling on the roof surface. 


Straps embedded in 
grout. Can also be used 
for CMU walls. 


Metal connectors, such as raf- 
ter and truss anchors, are vital 
in connecting the wall frame to 
the roof rafters or trusses. Rafter 
and truss anchors are available 
in a variety of designs. Rafter 
anchors are nailed to the rafter 
and into the plates or the studs 
below. See Figure 46-12. Truss 
anchors are embedded in grout in 
the lintel course of a CMU wall, 
fastened to a CMU or concrete 
wall with screws, or fastened to 
a wood-framed wall with nails. 
Always refer to the manufacturer 
instructions for proper instal- 
lation and to the local building 
code for wall-to-roof connection 
requirements. 


ROOF SHEATHING 
Sheathing should be nailed to a 
roof as soon as framing is com- 
pleted. Roof sheathing serves as 
a base for the finish roof mate- 
rial and also strengthens the roof 
structure. See Figure 46-13. 


ANCHOR 


Straps fastened to wall 
with concrete screws. 


Plywood and nonveneered 
panel products, such as oriented 
strand board (OSB) and com- 
posite panels, are used for roof 
sheathing. When OSB is used for 
roof sheathing, the stamped face 
should be placed down with the 
rough side facing up. Structural 
insulated panels (SIPs) may also 
be used for roof sheathing. Struc- 
tural insulated panels consist of a 
thick layer ofrigid foam insulation 
pressed between two OSB or ply- 
wood panels. SIPs are commonly 
used with exposed-beam roofs, 
but may be used with most con- 
struction methods. Spaced-board 
sheathing may also be used for 
roof sheathing. Typically, spaced- 
board sheathing is used as a base 
for certain types of roof shingles. 

Panels are placed with the long 
dimension parallel to the roof ridge 
and at a right angle to roof rafters. 
When nailing panels to the roof, 
ensure the first row of panels is in a 
straight line. Since the end joints of 
panels should be staggered, start the 
second row with a half panel. Roof 
sheathing panels should be con- 
tinuous over two or more rafters. 

Roof sheathing panels are usu- 
ally 34” or more, depending on 
rafter spacing. Plywood and OSB 
panels are usually fastened with 
8d smooth- or ring-shank common 
nails spaced 6” OC along the edges 
and 12" OC at intermediate rafters. 
However, in areas where higher 
wind loads are anticipated, ring- 
shank or specialized hurricane 
nails should be used and spaced 
3" to 6" apart. Always refer to the 
local building code to determine 
approved fasteners and spacing. 
Various sections of the roof, such 
as along the eaves, corners, ridges, 
and gable ends, may experience 
greater wind uplift pressures and 
require more closely spaced nail- 
ing patterns than interior sections 
of the roof. 

Screws or staples may also be 
used to fasten roof sheathing to 
rafters. Screws (#8 x 194") are 
spaced in the same pattern as nails. 
Staples may be used with thinner 


roof sheathing panels if permitted 
by the local building code. Staples 
should be 1%” long for 3%” pan- 
els and 177" long for %” panels. 
Staples are driven 4" apart at 
panel edges and 8" apart at in- 
termediate rafters. 

For certain applications, rafters 
may be spaced farther apart than the 
allowable distance between rafters 
for the thickness of the panels. In 
these situations, blocking is nailed 
between the rafters, or panels with 


is Associi 


tongue-and-groove edges are used. 
Panel clips may be used instead 
of blocking or tongue-and-groove 
panels. See Figure 46-14. 

When placing sheathing on a 
pitched roof, carpenters should 
fasten roofing jacks and planks 
to the roof sheathing as they 
work toward the top of the 
ridge. In addition, appropriate 
personal fall-protection equip- 
ment and techniques should be 
employed to prevent falls. 


Senco Products, Inc. 


Figure 46-13. Panel products such as plywood and OSB are typically used for roof sheath- 
ing. Panels are attached to roof rafters using 8d common nails or screws. 
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Figure 46-14. Panel clips are placed at the unsupported edges of roof sheathing panels 


| 


and eliminate the need for blocking between rafters. Panel clips are made of galvanized 
steel and accommodate all panel thicknesses used for roof sheathing. 
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able roofs are the most 
common type of roof 
for small residential 


structures. Gable and gambrel 
roofs slope in two directions, 


while shed roofs slope only in 
one direction. | 


GABLE ROOFS 


Next to the shed roof, which has 
only one slope, a gable roof is the 
simplest type of pitched roof to 
build because it slopes in only 
two directions. See Figure 47-1. 
The basic structural members of 
a gable roof are the ridge board, 
common rafters, and gable studs. 
See Figure 47-2. 

A ridge board is placed at the 
peak of a gable roof to provide a 
nailing surface for the upper ends 
of the common rafters. Common 
rafters extend from the top wall 
plates to the ridge. Gable studs 
are upright framing members that 
provide a nailing surface for siding 
and sheathing at the gable ends of 
the roof. 

Traditionally, the framing square 
has been used to lay out angled cuts 
and lengths on common rafters. 
The Speed? Square is now also be- 
ing used to lay out common rafters. 
Common rafter layout using the 
framing square and Speed Square 
are both discussed in this unit. 
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Figure 47-2. Framework for a gable roof includes ridge board, common rafters, and 
gable studs. 


Common Rafters 


All common rafters for a gable 
roof are the same length and 
they can be precut before the 
roof is assembled. Most common 
rafters include an overhang. An 
overhang is the part of a rafter 
that extends past the building 
line. The run of the overhang 
is the horizontal distance from 
the building line to the tail cut 
on the rafter. 

Plumb cuts are made at the 
ridge, heel, and tail ofa common 
rafter. A seat cut, or level cut, is 
made where the rafter rests on the 
top wall plates. The notch formed 
by the seat and heel plumb cut 
lines is often referred to as a bird's 
mouth. See Figure 47-3. 


DROP AT RIDGE 


—— 8^6" TOTAL RUN 


— 


HEEL PLUMB 
CUT LINE 
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PLUMB CUT 


MOUTH CUT 


DOUBLE TOP 
PLATE ON 
STUD WALL 


Figure 47-3. A bird's mouth is formed by 
the heel plumb cut line and seat line. 


The length ofa seat cut should 
be the width of the wall plates. 
(For 2 x 6 wall plates, the seat 
cut would be 5%”). In addition, 
the seat cut should not be deeper 
than one-third the length of the 
plumb cut. The procedure for 
marking these cuts is explained 
later in this unit. 


Seat Cut and True Rise. The 
amount of stock remaining above 
a seat cut, referred to as the stand 
or HAP (height above plate), is 
added to the total rise. The true 
rise is the total rise if there is no 
seat cut. The stand should be two- 
thirds the length of the seat cut. 
However, this distance will vary 
depending on the width of the 
rafter. When calculating true rise, 
an allowance is made for the drop 
at the ridge. See Figure 47-4. 


Calculating Length of Common 
Rafters. The length of common 
rafters is based on the unit 
rise and total run of the roof. 
The unit rise and total run are 
obtained from the prints. Four 
different procedures may be 
followed to calculate common 
rafter length. One procedure 
uses a framing square rafter 
table. Another procedure uti- 
lizes a book of rafter tables. In 
another procedure—the step-off 
method—rafter layout is com- 
bined with calculating length. 
Common rafter length can also 
be calculated mathematically. 


5'-1194" 
TRUE RISE 


1! Q” 


TOTAL RISE 


17-0” TOTAL SPAN 


is then subtracted. 


TOTAL RISE = (TRUE RISE + STAND) - DROP AT RIDGE 
TOTAL RISE = (5^-8" + 4⁄4”) — Ve" 

TOTAL RISE = 6-0" — V" 

TOTAL RISE = 5'-1194" 


Figure 47-4. When calculating true rise when there is a roof overhang, the total rise and stand are first added. The drop at the ridge 


DROP AT RIDGE 
VARIES DEPENDING ON 
ROOF SLOPE AND RIDGE 
BOARD THICKNESS 
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Framing Square Rafter Table. 
Framing squares typically have 
a rafter table printed on the face 
side ofthe blade. See Figure 47-5. 
The rafter table makes it possible 
to determine the lengths of all 
types of rafters for pitched roofs 
with 2" to 18" unit rises. The 
method for using the framing 
square rafter tables is given in 
the following two examples: 

Example 1. The roof has a 7" 
unit rise and a 16' total span. See 
Figure 47-6. Look at the first line 
of the rafter table on the fram- 
ing square to find the "length of 
common rafters per foot of run." 
Since the roof in this example 
has a 7" unit rise, locate the num- 
ber “7” at the top of the square. 
Directly beneath the number “7” is 
the figure “13.89,” which means 
that a common rafter with a 7" 
unit rise will be 13.89" long for 
every foot of run. 

To determine the rafter length, 
multiply 13.89" by the total run 
in feet. (Total run equals one-half 
the total span.) A roof with a 16' 
total span has an 8' total run; 
therefore, multiply 13.89" by 
8' to calculate the rafter length. 
The mathematical steps in this 
procedure are as follows: 

1. Multiply the length of the 

common rafter per foot of run 
(13.89") by the total run (8). 


13.89” x 8 = 111.12” 


2. Convert the decimal inch 
portion of the previous cal- 
culation to fractional inches 
by multiplying it by 16. 


.12 x 16 = 1.92 or 1⁄8” 


LENGTH 


u 
^ Cur 


RAFTERS 
__ VALLEY uo |i 1 
OF JACKS 


The number “1” to the left of 
the decimal point represents 
Ye”. The number “.92” to the 
right of the decimal points 
represents °%00 of Ye”. For 
practical purposes, 1.92 is 
calculated as being equal to 
1%”, (As a general rule in this 
kind of calculation, if the 
number to the right of the 
decimal point is more than 5, 
add 1⁄6” to the figure on the 


Figure 47-6 


. Calculating Common Rafter Lengths 


(a 3'-0" 4-0" 5-0" 


8'-0" TOTAL RUN 


left side of the decimal.) The 
decimal can also be convert- 
ed to its fraction equivalent 
using the hundredth scale lo- 
cated on the heel on the back 
side of a framing square. 


3. Determine the total common 
rafter length by combining 
the results of steps 1 and 2 
and converting the results to 
feet and inches. 


111" + We" = 111%” 


FOR A ROOF WITH A 7" UNIT RISE, 
THE LENGTH OF THE COMMON 
RAFTER PER FOOT OF RUN IS 13.89" 


8'-0" x 13.89" 2 111.12" 
111.12" = 111%” = 9’-3%" 


6’-0” m x >; Uu 


Figure 47-6. Common rafter length is calculated by multiplying the total run by the length 
of the common rafter per foot of run. 
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Figure 47-5. The rafter table on a framing square can be used to calculate rafter lengths for pitched roofs with 2"to 18” unit rises. 
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4. Divide the whole number 
(111") by 12 to convert to 
feet and inches and add the 
fraction (V). 


T1175 12 = 97-97 
9’-3” + V&" = 9-314” 


Example 2. A roof has a 6” 
unit rise and a 25’ total span. 
The total run of the roof is 12’-6”. 
The mathematical steps in this 
procedure are as follows: 

1. Convert the inch portion of 
the total run (6”) to decimal 
feet by dividing by 12. 


6" +12 =.5’ 


2. Multiply the length of the 
common rafter per foot of 
run (13.42”) by the total run 
(12.5’). The number “13.42” 
is obtained from the fram- 
ing square. 


|i: 0 12.5 = 167.75" 


3. Convert the decimal inch 
portion of the previous cal- 
culation to fractional inches 
by multiplying it by 16. 


75 x 16 — 12 
qoem 


4. Determinethetotal common 
rafter length by combining 
the results of steps 2 and 3 
and convert the results to 
feet and inches. 


167” + 34" = 16794" 


5. Divide the whole number 
(167”) by 12 to convert to 
feet and inches and add the 
fraction (34"). 


167" + 12 2 13'-11" 
et” + 934" = 13-1194" 


Book of Rafter Tables. Most 
carpenters prefer to use a book 
of rafter tables for calculating 
common rafter length. A book 
of rafter tables contains rafter 
measurements for a wider range 
of roof spans and unit rises than 
the framing square rafter table. 


Shortening Common Rafters. 
Rafter length found by any of the 
methods previously discussed is 
the measurement from the heel 
plumb cut line to the center of 
the ridge. This is known as the 
theoretical length of the rafter. 
Since a ridge board, usually 142” 
thick, is placed between the raf- 
ters, one-half of the ridge board 
thickness (34”) must be deducted 
from each rafter. This calcula- 
tion is known as shortening the 
rafter, and is done when the 
rafters are laid out. The actual 
length of a rafteris the distance 
from the heel plumb line to the 
shortened ridge plumb line. See 
Figure 47-7. 


THEORETICAL ACTUAL 
LENGTH OF LENGTH OF 
RAFTER RAFTER 


Theoretical length of rafter is the 
distance from heel plumb cut line to 
centerline of ridge board. 


Actual length of rafter is the distance 
from heel plumb cut line to 
centerline of the ridge board minus 
one-half ridge board thickness. 


Figure 47-7. Theactual length ofa common 
rafter is calculated by deducting one-half 
the ridge thickness perpendicular to the 
plumb line. 


Laying Out Common Rafters. 
Before rafters can be cut, the 
angles of the cuts must be laid 
out. Layout consists of marking 
the plumb cuts at the ridge, heel, 
and tail of the rafter, and the 
seat cut where the rafter will 
rest on the top wall plates. The 
angles are laid out with a fram- 
ing square or Speed? Square. A 


pair of square gauges is useful 
when using a framing square. 
One square gauge is secured to 
the tongue of the square next to 
the number that is the same as 
the unit rise. The other square 
gauge is secured to the blade of 
the square next to the number 
that is the same as the unit run, 
which is always 12". When the 
framing square is placed on the 
rafter stock, the plumb cut is 
marked along the tongue (unit 
rise) side of the square. The seat 
cut is marked along the blade 
(unit run) side ofthe square. See 
Figure 47-8. 


FRAMING SQUARE 


UNIT RISE NUMBER 


UNIT RUN NUMBER (12) 


SEAT CUT LINE 


Figure 47-8. A framing square is used to 
lay out the plumb and seat cuts. 


Rafter layout also includes 
marking offthe required overhang 
and making the shortening 
calculation. A procedure for 
laying out a common rafter is 
shown in Figure 47-9. A Speed 
Square can be used to lay out the 
angled cuts on a common rafter. 
Rafter length tables are typically 
included in a book of rafter tables. 
The procedure for laying out 
common rafters using a Speed 
Square is similar to the procedure 
using a framing square. 


rs 


Common Rafter Layout 
Media Clip 
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Laying Out Common Rafters for Gable Roofs - il 
Figure 47-9 Cin iim S 


es | 


MARK THE 
RIDGE PLUMB LINE 


Place framing square at one 

end of rafter. Mark line along 
tongue (unit rise side) of the 

square. This will be the ridge 
plumb line. 


If using a Speed? Square, 
place the pivot point along the 
edge and rotate square until 
rise of the common top cut 
line aligns with rafter edge. 


RIDGE PLUMB™ NRN 
CUT LINE È 


i2 


Shorten rafter by one- MARK THE 
half thickness of ridge T. RIDGE PLUMB 
board. Measure at - ; CUT LINE 
right angle to the 

ridge plumb line, and 
mark ridge plumb cut line. 


MEASURE AT- 
RIGHT ANGLE TO 


Measure total length : 
of rafter from ridge Ei 

plumb line and make ^" MEASURE RAFTER 

a mark. Place tongue Ss k ; LENGTH FROM FIRST 
of square along this RIDGE PLUMB LINE 

mark and draw heel : ET 

plumb cut line. 


MARK HEEL .— x; 
PLUMB LINE 


Slide square to the h^ Bi " "j A i t á MARK SEAT 

left and draw line Lai wd P TNCS CUT LINE 
along edge of blade. Y- j . 

This line is seat cut Rs ki ; 

line. The length of seat b A T 512" FOR 
cut equals width of top 7 Z HY 2 x 6 TOP PLATE 
plate. OW .h 


Slide square to the 
right so one side lines 
up with heel plumb 
line. Measure and 
mark distance of 
overhang, which in 
this case is 10". Be 
sure to use figures on 
same side of square. 


AND MARK FOR 
LENGTH OF 


OVERHANG 
Slide square to the 
right. Place tongue CUT OFF 
next to 10" mark and TAIL PIECE 


draw line along edge : y 
of tongue. This line is f L^ MM r CUT OUT 
tail cut line. | n BIRD'S MOUTH 


TAIL CUT LINE (END / 
OF 10” OVERHANG) 


Figure 47-9. A framing square or a Speed? Square can be used to lay out a common rafter for a gable roof. The roof in this example 
has an 8^ unit rise and a 10" overhang. The same procedure is used regardless of the layout tool being used. 
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Step-off Method for Calculating 
Length and Laying Out Common 
Rafters. The step-off method for 
rafter layout is an older, but still 
practiced, method. The step-off 
method combines the procedure 
for laying out the rafters with a 
procedure for stepping off the 
length of the rafter. Figure 47-10 
shows the step-off method. Ex- 
treme care must be used using 
the step-off method for calculat- 
ing after length. 


Constructing Gable Roofs 


The major part of gable roof 
construction is setting the com- 
mon rafters in place. See Figure 
47-11. The most efficient meth- 
od of constructing gable roofs is 
to precut all common rafters and 
then fasten them to the ridge 
board and the wall plates in a 
continuous operation. 


Marking Wall Plates. Rafter 
locations should be marked on 
the top wall plates when the po- 
sitions of ceiling joists are laid 
out. Proper roof layout will en- 
sure the rafters and joists tie into 
each other wherever possible. 
Roof rafters are often spaced 
24" OC and ceiling joists are 
commonly spaced 16" OC. An 
example of this type of layout 
is shown in Figure 47-12. 


A gable roof is the most common type of 
roof used for a residential garage. 


b-off Method to Find Rafter Lengths | 


Figure 47-10 8” TE RISE 


8" UNIT 


FRAMING SQUARE WITH 
GAUGES SET AT 8" UNIT 
RISE AND 12" UNIT RUN 7 


MARK RIDGE PLUMB 
LINE ALONG 
SQUARE TONGUE 


12" UNIT RUN 


o ua D 


© Set square gauges at 8” on unit rise scale and 12” on unit run scale. Place square 
on one end of rafter. Mark ridge plumb line along tongue. Draw a line at 12" point 
of blade. 


SLIDE TO 
LEFT 


With the gauges pressed lightly against rafter, slide square to the left. Align 
tongue with 12" mark and make second 12" mark along bottom of blade. 


REPEAT MARK- 
AND-SLIDE PROCESS 
FIVE TIMES 


GAUGE ON TONGUE 
GAUGE ON BLADE. 


To add the 9" remainder of total run, place tongue on the last 12" mark. Draw 
another mark at 9" on blade. This will be total length of rafter. 


O Lay out and cut plumb cut line and seat cut line. 


Figure 47-10. The step-off method combines the procedure of laying out the rafters with 
a procedure of stepping off the length of the rafter. In this example, the roof has an 8” 
unit rise and a total run of 579”. 


Unit 47 Gable, Gambrel, and Shed Roofs 453 


Cutting and Marking a Ridge 
Board. The ridge board, like 
the common rafters, should 
be precut. Rafter locations are 
then copied onto the ridge 
board from the markings on the 
wall plates. See Figure 47-13. 
The ridge board should be the 
length of the building plus the 
overhang at the gable ends. 
Lumber used for ridge boards 
is wider than rafter stock. For 
example, a 2 x 8 ridge board 
would be used with 2 x 6 raf- 
ters. Ridge boards must be at 
least 1” thick (nominal) and 
must be wider than the cut end 
of the rafter. Some buildings 
are long enough to require more 
than one piece of ridge material. 
The breaks between the ridge 
pieces should occur at the cen- 


Figure 47-11. When constructing a gable roof, common rafters are precut and then 
fastened to the ridge board and wall plates in a continuous operation. ter of a rafter. 


| Out Ceiling 
| Figure 47-12 eg 


A —_ 


Sy 
DOUBLE 4 


TOP PLATE / 


EXTERIOR 
STUD WALL 


EXTERIOR 
STUD WALL 


OUTSIDE CORNER 


Figure 47-12. When ceiling joists are spaced 16” OC and rafters are spaced 24” OC, every other rafter will tie into the joists. Proper 
layout ensures that rafters and joists will tie into each other wherever possible. 
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Figure 47-13. Ridge board layout is copied from markings on wall plates. Butt joints for ridge boards must occur at the center of a rafter. 


Cutting Common Rafters. One 
pair of rafters should be cut and 
checked for accuracy before the 
other rafters are cut. To check the 
first pair for accuracy, set them 
in position with a 1!" piece of 
wood fitted between them. If 
the rafters are the correct length, 
they should fit the building. If, 
however, the building walls are 
out of line, adjustments will have 
to be made to the rafters. 

After the first pair of rafters 
fits the building satisfactorily, 
one of the pair can be used 
as a template for marking the 
other rafters. A circular saw or 
a radial-arm saw is then used to 
cut the rafters. 


Placing a Ridge Board and Com- 
mon Rafters. Various methods 
may be used to set up the ridge 
board and attach rafters to it. 
Plywood or OSB panels should 
be laid on top ofthe ceiling joists 
where the framing will take 
place. The panels provide safe 
and comfortable footing for car- 
penters and also provide a place 
to put tools and materials. 


TOP PLATE AND 7 
TRANSFERS > 


F| \DOUBLE 
F TOP PLATE 


MARKS ON 
DOUBLE 


TOP PLATE 


When only a few carpenters 
are present on ajob site, the most 
convenient procedure is to set the 
ridge board to its required height 
(total rise) and hold it in place 
with temporary props and braces. 


_ Figure 47-1 


S| 


CEILING 
JOISTS 


Setting Up and Bracing Ridge Boards ^ 


< VERTICAL PROP 


See Figure 47-14. The rafters can 
then be nailed to the ridge board 
and the top wall plates. A faster 
system that can be used when a 
larger crew is present is shown 
in Figure 47-15. 


“TSS VERTICAL PROP 
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Figure 47-14. When only a few carpenters are present ona job site to set the ridge board, 
the ridge board is secured in position with props and braces. 
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| Figure 47-15 
TWO RAFTERS mos 
NAILED TO 


RIDGE BOARD 


T 
LE 


PLATE 


Lay ridge board flat on ceiling joists. 
Nail top of two rafters close to each 
end of ridge board. 


Raise ridge board and two rafters into 


position. Nail seat ends of the two 
rafters to double top plate. 


We DOUBLE TOP 


Nail two rafters on opposite side of 
ridge board. 


jt. ae 


BOARD 


FASCIA 


TEMPORARY BOARDS 


BRACE 


RIDGE 


Plumb ridge board at the gable end 
and hold it in place with temporary 
brace. Position and nail remainder of 
rafters and install fascia board. 


Figure 47-15. When several carpenters are present to raise a gable roof, the method shown is used to set the ridge board and nail 


rafters for a gable roof. 


Cutting Common Rafter Over- 
hang. Common rafter overhang 
can be laid out and cut before 
the rafters are set in place. How- 
ever, carpenters may prefer to 
cut the overhang after rafters 
are fastened to the ridge board 
and wall plates. A chalk line 
is snapped from one end of the 
building to the other and the 
tail plumb lines are marked 
with a sliding T-bevel. See Fig- 
ure 47-16. The rafters are then 
cut with a circular saw. Cutting 


common rafter overhang after 
the rafters are set in place en- 
sures the line of the overhang 
will be perfectly straight, even 
if the building is not. 


Framing Gable End Overhang. 
Another overhang is formed over 
each gable end of the building. 
The main framing members 
of the gable end overhang are 
fascia rafters, or barge rafters. 
Fascia rafters are fastened to the 
ridge board at one end and to the 
fascia board at the lower end. 


0 ET 


James Hardie Building Products 


Gable dormers add space and provide light and ventilation to a one-and-one-half-story 


house. 
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Fascia boards are often nailed 
to the tail ends of the common 
rafters to serve as a finish piece 
at the edge of a roof. By extend- 
ing past the gable ends of the 
house, fascia boards also help to 
support the fascia rafters. Figures 
47-17 and 47-18 show different 
methods used to frame gable 
end overhangs. 


SNAP 


CHALK LINE S 


SLIDING 
T-BEVEL 


Figure 47-16. Many carpenters prefer to 
cut the overhang after rafters are fastened 
to the ridge board and wall plates. A chalk 
line is snapped along the rafters and a 
sliding T-bevel is used to lay out the tail 
plumb lines. 
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Figure 47-17. A gable end overhang can be framed with lookouts and a fascia rafter. The fascia rafter is nailed to the ridge board and 
fascia board. Blocking rests on the end wall and is nailed between the fascia rafter and the rafter next to it. An overhang is further 
strengthened when the roof sheathing is nailed to it. 
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Figure 47-18. A gable end overhang can be framed with a fascia rafter supported by the ridge board, outrigger, and fascia board. Two 
common rafters are placed directly over the gable ends of the building. The fascia rafters are installed between the ridge board and 


the fascia boards. The gable studs are notched to fit against the rafter above. 
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Cutting and Placing Gable Studs. 
At each gable end, vertical mem- 
bers called gable studs are placed. 
Gable studs decrease in length 
from the ridge section toward the 
exterior side walls. A method for 
finding the common length dif- 
ference for gable studs is shown 
in Figure 47-19. Another method, 
using a framing square, is shown 


Finding Common Length Difference for Gable Studs 
EU o aaa 


ROOF RAFTERS 


RIDGE BOARD 


in Figure 47-20. The common 
length difference can also be 
calculated mathematically by 
dividing the gable stud spacing by 
the unit run and then multiplying 
by the unit rise ([16 + 12] x 8 = 
10.67” or 101%6”). Gable studs also 
require an angle cut where they 
fit beneath a top plate or rafter. 
The framing square can be used 


FIRST 
DOUBLE GABLE 
TOP PLATE STUD 


Measuring from first gable stud and Sage) outward toward both ends of the 
gable, lay out remaining stud marks 16” OC 


SECOND 
STUD 


Place stud over second stud mark. Plumb the stud and mark for angled cut 
underneath roof rafter. Set sliding T-bevel to angle of cut. 


COMMON LENGTH DIFFERENCE 


SECOND 
GABLE 
STUD 


Measure difference in total length between second and third studs. This will be 
the common length difference. Each remaining set of studs will be 


progressively shortened by this amount. 


Figure 47-19. Gable studs decrease in length from the ridge section toward the walls. 
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to lay out the angle. See Figure 
47-21. A finished gable stud will 
appear similar to the one shown 
in Figure 47-22. 


Placing Purlins and Collar Ties. 
If purlins are required, they are 
nailed beneath the rafters after the 
roof framing is completed. The 
rafters should be aligned with a 
string while the posts are being 
fitted between the purlin and the 
supporting partition. Collar ties 
are also installed at this time. 


GAMBREL ROOFS 


A gambrel roof is basically a ga- 
ble roof with a double slope on 
each side. The double slope is 
created by two common rafters 
that meet between the top of the 
wall and ridge. The rafters must 
be supported either by a wall or 
by purlins and posts where the 
rafters meet. 


Calculating Common 
Length Difference 

| with Framing Square 
| Figure 47-20 ar — 


FRAMING SQUARE 


SET GAUGE AT 12” SET GAUGE 
(UNIT RUN) 4 AT 8” (UNIT 


Attach square gauges io framing 
square at 12" on blade and 8" on 
tongue. Position square with 
gauges against the top edge of 
the lumber. Draw pencil line 
along blade. 


IN THIS CASE, 
X = 1016” 


COMMON LENGTH 
DIFFERENCE FOR BS 
GABLE STUDS EL 


SLIDE 16" 
BLADE 


o Slide square blade upward along 
pencil line until number 16 is at 
edge of the lumber. Distance X 
will be the common length 
difference for gable studs. 


Figure 47-20. The lengths of gable studs 
can be calculated with a framing square. 


UNIT RISE (IN 
THIS CASE 7") 


FRAMING 
SQUARE 


UNIT RUN 
(ALWAYS 12") 


Figure 47-21. A framing square can be 
used to find the angle of the top cut on 
gable studs. Combine the unit rise and 
12" and mark the cut along the unit 
rise side. 


Construction Details and Dimensions for Gambrel Roofs — — 


| Figure 47-23 


12" UNIT RUN 


DOUBLE 
TOP PLATE 


12" 
UNIT RUN 


8-0" RUN 
(ONE-HALF OF SPAN) 


SURFACE FLUSH 
WITH TOP EDGE 
OF RAFTER 


THICKNESS ~œ 
AN 


3 
BOTTOM EDGE 

OF RAFTER RESTS- 

ON THIS SURFACE 


GABLE STUD 


DOUBLE 
TOP PLATE 


Figure 47-22. Gable studs provide gable 
wall structure and support rafters along 
their bottom edges. 


Figure 47-23 shows a section 
view of a gambrel roof. The 
meeting points of the upper and 
lower rafters in this gambrel 
roof are supported by walls. 


Calculating Length of 
Common Rafters 

The procedures used to calculate 
the length of common rafters for 
gable roofs also apply to com- 
mon rafters for gambrel roofs. 
The length of rafters for the up- 
per portion of the roof is based 
on the total run for the upper por- 
tion, and the length of the rafters 
for the lower portion of the roof 
is based on the total run for the 
lower portion. 


Laying Out Common Rafters 


A procedure is shown in Fig- 
ure 47-24 for laying out com- 
mon rafters for the gambrel roof 
shown in Figure 47-23. Angles 
for plumb cuts are marked at 
the ridge, tail, and heel of the 
common rafters. A seat cut is 
marked where the rafter rests 
on the wall. Finally, the over- 
hang cut is marked. 


RIDGE BOARD 
UPPER SLOPE 


COMMON RAFTER 


8'-0" RUN 


| 


TOTAL RISE OF 
UPPER SLOPE 


pA 
4 | 


2x4 


DOUBLE 
TOP PLATE 


PARTITION 


25'-0" TOTAL SPAN 


PARTITION 


er eer.) oni 


2x4 


= NN 
pe. 


4'-6" RUN 


Mj EXTERIOR 
| WALL STUDS 


Figure 47-23. A gambrel roof is essentially a ga 
of the upper and lower rafters. The length of th 


(EXTERIOR WALL TO EXTERIOR WALL) 


length of the rafters for the upper section is based on a 4" unit rise and an 8-0” run. 


EXTERIOR 
WALL STUDS 


ble roof with a double slope on each side. Note the walls supporting the meeting points 
e rafters for the lower portion of the roof is based on a 20” unit rise and a 4-6” run. The 
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Laying Out Gambrel Roof Rafters vee 


Figure 47-24 UPPER SLOPE COMMON RAFTER ey 
RIDGE BOARD S 


2x4 


PARTITION DOUBLE TOP 


PLATE 


CEILING JOISTS 
2 x 6 EXTERIOR 


SHORTEN BY ONE- 
WALL STUDS Q HALF THICKNESS OF ~ 
RIDGE BOARD (34") 
FIRST PLUMB 
CUT LINE 
av" SECOND PLUMB 


FIRST 
RIDGE 


a PLUMB 
A SECOND CUT LINE 


= PLUMB CUT LINE 


CUT LINE 


SEAT 
CUT LINE 
RIDGE BOARD 
MEASURE BACK WIDTH (177 THICK) 
CUTOFF "! OF DOUBLE TOP PLATE 


| 
= DOUBLE 


m TOP PLATE 
| Qo Mark ridge plumb cut line. Shorten rafter length by one-half thickness (34") of 
| ridge board and mark second plumb cut line. 
|2 x 4 PARTITION 
| e Measure rafter length from original plumb cut line and mark seat cut line. For the 
notch over the double top plate, measure width of plate along seat cut line and 
— mark another plumb cut tine. - 


LOWER SLOPE COMMON RAFTER 
DOUBLE TOP 


PARTITION 


HEEL PLUMB 
CUT LINE 


J' PLUMB 
| CUT LINE 


| (AT PARTITION) 
| 


EXTERIOR 
WALL 


CUT = DOUBLE 


~~ Top PLATE 


TAIL END 


TAIL | 2 x 6 EXTERIOR 
PLUMB | WALL STUDS © Mark plumb cut line at upper end of rafter. 


CUT LINE | 


[4] Measure total rafter length from plumb cut line and mark heel plumb cut, seat 
cut, and overhang lines. | 


Figure 47-24. Common rafters for the upper and lower portion of a gambrel roof are laid out differently. The cuts laid out in this 
illustration are based on the unit rises and runs shown in Figure 47-23. 
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Constructing Gambrel 
Roofs 


If the attic space provided by a 
gambrel roofis to be used for a liv- 
ingarea, the subfloor should be in- 
stalled before roof framing begins. 
The two outside rows of subfloor 
panels should be held back or cut 
so the seat of the rafters can be 


Figure 47-25 


TEMPORARY 
BRACE 
2x4 
PARTITION 
DOUBLE 
TOP PLATE 


Framing Gambrel Roofs 


easily nailed to the top of the 
wall plates. One recommended 
procedure for framing a gambrel 
roof is shown in Figure 47-25. 


SHED ROOFS 


A shed roof has only one slope. 
See Figure 47-26. Common raf- 
ters for a shed roof are marked 


TEMPORARY 
BRACE 


2x4 
PARTITION 


SUBFLOOR 


EXTERIOR 
WALL 


LOWER SLOPE 
COMMON RAFTER 


TEMPORARY 
BRACE 


LOWER SLOPE 
COMMON RAFTER 


TEMPORARY 


BRACE ^ 


EXTERIOR 
WALL 


UPPER SLOPE 
COMMON RAFTER 


LOWER 
SLOPE 
COMMON 
RAFTERS 


2x4 
PARTITION 


© third set of rafters. 


Figure 47-25. When constructing a gambrel roof, the lower portion of the roof is 


RIDGE 
BOARD 


COLLAR TIE 
EVERY THIRD RAFTER 


| 


Install ridge board and upper slope common rafters. Fasten collar tie to every 


EXTERIOR 
WALL 


UPPER SLOPE 


LOWER SLOPE 
COMMON RAFTER 


2x4 
PARTITION 


constructed first. If the attic space is to be used for a living area, the subfloor should be 


installed before the roof is constructed. 


on each end for seat cuts where 
the rafters will rest on the two 
opposite walls of the building. 
The rafters are also marked for 
overhang cuts on each end. The 
length of the common rafters 
is based on the unit rise of the 
roof and the total run. The total 
run for a shed roof is the width 
of the building minus one wall 
thickness. A procedure for lay- 
ing out a shed roof is shown in 
Figure 47-27. 


DORMERS 


Dormers add space, and pro- 
vide light and ventilation to a 
one-and-one-half-story house 
or to an attic area. Dormers re- 
quire a roof with a steep slope 
and a high ridge. Gambrel roofs 
are particularly well suited for 
dormer construction. 

Most dormers are of gable or 
shed design. The construction 
of a gable dormer is similar 
to the construction of a gable 
intersecting roof. The gable 
dormer consists of a ridge 
board, common rafters, valley 
rafters, and valley jack rafters. 
See Figure 47-28. 

The front wall of a shed dor- 
mer is usually directly over the 
exterior wall of a building. The 
dormer rafters extend from the 
main ridge. See Figure 47-29. 
They must be pitched enough 
to shed water and snow. 

When an opening is framed 
for a dormer roof, the rafters on 
both sides of the opening are 
doubled. Also, double headers 
are placed at the top and bottom 
of the opening. 


riginal rece ofa gam- | 
ETT was | conomy; he — 
less-pitched upper section re- 
quired less lumber than would - 
- be needed if the steeper section 
was extended to a peak. Dutch 
_gambrel roofs use shorter "upper 
slope common rafters.Queen — 
. Anne gambrel roof rafters ex- 
-tend close to heground - - 
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Typical Shed Roof Rafter with Overhang 
| Figure 47-26 EMEN ER EP e S E. v. m m eH REOR Seu RS Se, es enum a ES a crt 


HEEL PLUMB 
CUT LINE | 

| RUN OF 
OVERHANG | — 


TO EXTERIOR WALL) 


TOTAL RUN = 
TOTAL SPAN - ONE WALL THICKNESS 


ALL 
-iS -RUN OF OVERHANG 


Figure 47-26. A shed roof has common rafters with overhangs at each end. 


Laying Out Shed Roof Rafters 
= 


a a LT aaa a NNI PME T EET TERRI 


Q Lay out seat cut at one end of roof rafter. 


HEEL 
PLUMB CUT 


SEAT CUT LINE IS 
WIDTH OF TOP PLATE 


Measure length of rafter and mark 
second seat cut. 


SECOND 
SEAT CUT LINE 


OVERHANG 
Sl 


| 
HEEL PLUMB | 
CUT LINE 


RUN OF 
RUN OF OVERHANG 


OVERHANG 


Measure run of overhang at both 
ends of rafter. Mark two tail plumb 
cut lines. 


SECOND SEAT 
CUT LINE 


TAIL PLUMB CUT LINE 


Figure 47-27. When laying out common rafters for a shed roof, the length of common rafters is based on the unit rise and total run of 
the roof. 
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Constructing Gable Dormers 
| Figure 47-28 ee 


DOUBLE 


HEADER 
VALLEY VALLEY 
JACK RAFTER RAFTER 
in 
| 
i | 


GABLE DORMER 
RIDGE BOARD 
V 


GABLE STUDS 


DORMER 
/ DOUBLE re 
TOP PLATEZZA \ 


Figure 47-28. The construction of a gable dormer is similar to that of a gable intersecting roof. A gable dormer has a level ridge 


oard. 
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Constructing Shed Dormers | E IEPs 
Figure 47-29 acl 


LY 
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\ 
e 
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DOUBLE 
TRIMMER 
RAFTER 
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NOTCHED 
MELE Sule) COMMON 
RAFTERS 


RIDGE BOARD 


GABLE STUDS 


.DOUBLE 
CORNER POST 


hip roof has four slop- 

ing sides. Four hip rafters 

run at a 45? angle from 
the corners of the building to 
the ridge board. Hip jack rafters 
frame the space between the hip 
rafters and the tops of the exterior . 
walls. See Figure 48-1. 

Common rafters for hip roofs 
extend from the ridge board to the 
wall plates, similar to gable roofs. 
The king common rafter extends . 
from the ends of the ridge board 
to the top plate. Another com- 
mon rafter, commonly called the - 
side king common rafter, extends 
from the end of the ridge board at 
a 90° angle. 


Hip Roof Framework Construction uH 


Figure 48-1. 
HIP RAFTER 


HIP RAFTERS 


A hip rafter travels at a diagonal 
(45° angle on a plan view) to reach 
the ridge board and is longer than 
a common rafter. Hip rafters dif- 
fer from common rafters in other 
ways. In addition to plumb cuts 
at the ridge, heel, and tail, a hip 
rafter requires side cuts where it 
meets the ridge. Side cuts are also 
necessary at the tail in order for 
the overhang of the hip rafters 


to align with the overhang of 


the common rafters. See Figure 
48-2. The procedure for marking 
rafter side cuts is explained later 
in this unit. Layout is usually not 
done until the rafter lengths are 
calculated. 


HIP JACK 
RAFTERS 


HIP RAFTER 


am| «| Ed EO ee —men| uam | pun] eumd] ccumm| u7 


COMMONI|RAFTERS 


d 


4 


KING 
COMMON 
RAFTER 
/ 


COMMON" 
RAFTER 


SIDE KING 


HIP RAFTER 
PLAN VIEW 


HIP JACK 
COMMON RAFTER RAFTERS 


HIP JACK 
RAFTERS 


RIDGE BOARD 


The unit run of a hip rafter 
is 17”, compared with 12” for a 
common rafter. Since a hip rafter 
runs at a 45? angle to the common 
rafter, its unit run is calculated us- 
ing the diagonal of a 12" square. 
The diagonal of a 12" square is 
16.97”, which rounds up to 17”. 
A hip rafter must run 17" in or- 
der to reach the same height that 
a common rafter reaches in 12”. 
See Figure 48-3. 


TIR TONS I: 


2 m Over-90% of structural lumber vi 


** produced in North America ` 
comes from the Douglas Fir/Larch, 
Hemlock/Fir, Southern Pine, and  .. 

_ Spruce/Pine/Fir species groups. == 


a IRRRRR 


HIP RAFTER 


HIP JACK 
RAFTERS 


COMMON RAFTERS 


SIDE KING 
COMMON RAFTER 


PICTORIAL VIEW 


Figure 48-1. A hip roof has four sloping sides. Four hip rafters run at a 45° angle from the exterior walls. Hip jack rafters frame the 
space between the hip rafters and the top of the exterior walls. 
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pical Hip Rafter Layout - 
Figure 48-2 ior 
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» "ZA SIDE 
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HIP RAFTER 


HIP 
RAFTER 


LINE OF 
OVERHANG 


SEAT CUT 


SIDE Í 
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i BIRD'S MOUTH 
TAIL HEEL CUT FORMED WITH 
CUT SEAT AND 

HEEL CUTS 

VERTICAL OVERHANG 


LINE 


HIP RAFTER 17" 
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ON LENGTH OF 45? 
DIAGONAL LINE 

IN 12" SQUARE 


COMMON 
RAFTERS 


TOTAL RUN OF 
HIP RAFTER 


square. 
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Traditionally, the framimg square 
has been used to lay out angled cuts 
and lengths on hip and hip jack raf- 
ters. The Speed® Square is now also 
being used to lay out these rafters. 
Hip and hip jack rafter layout us- 
ing the framing square and Speed® 
Square are the same and are both 
discussed in this unit. 


Calculating Hip Rafter 
Lengths 


Hip rafter lengths, like common 
rafter lengths, can be calculated 
by four methods —the framing 
square rafter table, a book of 
rafter tables, the step-off method 
that combines laying out with 
calculating length, and through 
mathematical calculations. 


Framing Square Rafter Table. 
A framing square imprint- 
ed with a rafter table can be 
used for calculating hip rafter 
lengths using the same pro- 
cedure as used for common 
rafters, except that the second 
line of the table is used rather 
than the first line. The second 
line shows the length of hip or 
valley per foot run. The math- 
ematical procedure is shown in 
the following example. 
Example. The roof has a 6" 
unit rise and a 28’ total span. 


1. Divide the total span (28’) by 
2 to determine the total run. 


28’ +2 = 14' total run 


2. Look below the number “6” 
at the top of the framing 
square. On the second line, 
the number “18” is given as 
the length of hip or valley 
per foot of run. 

3. Multiply the length of hip 
per foot of run (18”) by the 
total run (14’). 


18’ x 14" = 252" or 21'-0" 


Book of Rafter Tables. Hip raf- 
ter lengths can also be calculat- 
ed using a book of rafter tables 
as described in Unit 47. 


Shortening Hip Rafters. All 
methods for calculating hip 
rafter length discussed in this 
text use the theoretical length 
rather than the actual length. 
The theoretical length is the 
distance from the heel plumb 
cut line to the center of the ridge 
board. To determine the actual 
length, one-half the diagonal 
thickness of the ridge board that 
fits between the rafters must be 
subtracted from the theoretical 
length. For example, the di- 
agonal thickness of a 1%” thick 
ridge board is 24%”. Therefore, 
1⁄6” is subtracted from the theo- 
retical length (2%” + 2 = 16”) 
at a right angle to the plumb 
line. Hip roofs may or may not 
be framed with king common 
rafters. If king common rafters 


Shortenin 
| Figure 48-4. 


TOTAL RAFTER 
RAFTER 
THICKNESS THICKNESS 
L 


QV S X SHORTEN 


P4 
P4 
SSM BY ONE-HALF 
e DIAGONAL 
THICKNESS 
OF RIDGE BOARD 


DRAW 
45° LINE qi 


ONE-HALF 


45° LINE 


\ 


SHORTEN BY [2 
! ONE-HALF f 
LENGTH OF 
45° LINE 


SHORTENED 
| HIP RAFTER 


are used, one-half the diagonal 
thickness of the common rafter 
must be deducted from the hip 
rafter. The procedure for short- 
ening hip rafters is shown in 
Figure 48-4. 


Laying Out Hip Rafters 


The layout procedure for hip 
rafters begins with marking the 
ridge plumb and side cuts. Next, 
the seat and heel plumb cuts are 
marked, followed by the lines 
showing the overhang. A pro- 
cedure for laying out hip rafters 
using a framing square or Speed® 
Square is shown in Figure 48-5. 


Plumb and Seat Cuts. The 17” 
unit run of the hip rafter makes 
the angles of the plumb and seat 


BY ONE-HALF 

- DIAGONAL 

1 THICKNESS 

OF COMMON í 
RAFTE H 


+ SHORTEN 
; BY ONE-HALF 
j^ DIAGONAL 
THICKNESS 
\ OF COMMON 
RAFTER 


cuts different from those of a com- 
mon rafter. To mark the plumb 
and seat cuts, use the unit rise 
measurement on the tongue ofthe 
framing square and the 17" mea- 
surement on the blade. Mark the 
plumb cut along the tongue and 
the seat cut along the blade. 

When positioning the square to 
mark the seat cut of a hip rafter, 
first check the amount of stock 
left above the seat cut at the heel 
plumb cut line of the common 
rafter for the roof. Lay out the 
same distance at the heel plumb 
line ofthe hip rafter and draw the 
seat cut line. The length ofthe hip 
rafter seat cut is greater than the 
seat cut of a common rafter be- 
cause a hip rafter rests diagonally 
at the corner of a building and has 
a lower angle of slope. 


- 
í > g SHORTEN 
BY ONE-HALF 
DIAGONAL THICKNESS 
OF RIDGE BOARD 


45° LINE! tm 


SHORTENED 
HIP RAFTER 


SHORTENED 
HIP RAFTER 


n 


To find one-half the diagonal 
thickness of piece of lumber, 
draw 45° line across edge. 
Measure length of line and 
divide by 2. 


When common rafters are placed at ends 
of the ridge board, hip rafter fits between 
common rafters. Hip rafter must be 
shortened one-half the diagonal thickness 
of the common rafter. 


When side king common rafters are not used, 
hip rafters are placed directly 

against ridge board. Hip rafters must be 
shortened by one-half length of diagonal 

line. 


Figure 48-4. To calculate the actual hip rafter length, one-half the diagonal thickness of the ridge board that fits between the rafters 
is deducted from the theoretical length. When shortening the hip rafters, make the measurement perpendicular to the plumb line, not 


along the length of the roof member. 
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Laying Out Hip Rafters 
| Figure 48-5 E 
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MARK FOR 
Draw ridge plumb line PLUMB CUT LINE 
using the unit rise D 
on square tongue and 
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on square blade. 


If using a Speed? 
Square, place the 
pivot point along the 
rafter edge and rotate 
it until the desired 
unit rise and the Hip- 
Val scale aligns with 
the rafter edge. 


To shorten hip rafter, 
measure back one- 
half diagonal 
thickness of ridge 
board at right angle 
to first ridge plumb 
cut line, and make 
mark for plumb cut 
line. 


NS 


SHORTEN BY ONE- 
HALF DIAGONAL 
THICKNESS 
(IN CASE OF 2x 6 
RAFTER, SHORTEN 

BY 1146”) 
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TO RIDE PLUMB SET OF 
LINE a> Draw second set of SIDE CUT 
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Draw ridge plumb 
cut line. 
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Draw heel plumb line 
down from rafter 
length mark. Lay out 
seat cut line (same 
distance as common 
rafter). 


Q Lay out length of 
rafter along edge. 


Measure from 
original squared line. 


SQUARED 
LINE 


S 


SEAT CUT 
MARK 


RAFTER LENGTH 
TAIL END OF RAFTER 


LS 
SQUARED 
LINE 


Lay out center point. 
Draw tail plumb 

lines and second set 
of tail cut lines. 


Draw seat cut line. 
Measure overhang 
and mark first tail 
plumb line. Square 
line across top of 
rafter. 


TAIL CUT 
LINE 


PLUMB LINE 


TAIL PLUMB 
LINE 


TAIL PLUMB 
LINE 


Figure 48-5. When laying out a hip rafter, the angles for side cuts and ridge plumb cuts are marked first. 
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Side Cuts. For a 45? hip roof, a 
circular saw is always set to 45°. 
This blade angle will produce the 
proper 45? angle cut in plan view. 
When viewed perpendicular to 
the edge of the rafter, the angle will 
lay out at less than 45°. The rafter 
table on a framing square can be 
used to determine the exact angle 
for the side cut ofa hip rafter when 
laid out on the top edge of the raf- 
ter. The procedure for determining 
the proper angle is as follows: 


1. Locate the unit rise (in this 
example, 7”) along the blade 
above the rafter tables. 


2. Follow the column down to 
the last line, which indicates 
the “Side Cut Hip or Valley.” 
The number is 116”. 


3. Using the 11!Ae" on the 
tongue and 12” on the blade, 
place the framing square 
along the edge of a piece of 
the rafter. 


7” MARK ON BLADE FACE 
USED WITH 7” UNIT RISE 


RAFTER 
TABLES 


11146” DIMENSION 
ON RAFTER TABLE 


RAFTER TABLES 
FOUND ON FRAMING 
SQUARE BLADE FACE 


110” 12" MARK 
MARK (SIDE CUT) 


RAFTER 


MARK SIDE CUT ANGLES ON 
TOP EDGE OF HIP RAFTER (ALWAYS 
MARK ANGLE CUT ON 12" SIDE) 


Figure 48-6. The rafter table on a framing 
square can be used to determine the exact 
angle for the side cut of a hip rafter. The 
roof in this example has a 7" unit rise. 


4. Markthe side cut along the 
12" side. See Figure 48-6. 


Overhang. Since a hip rafter 
runs at a diagonal, its overhang 
is longer than the common rafter 
overhang. The run of a hip rafter 
overhang is 1.42" for every 1" of 
common rafter overhang. There- 
fore, to find the run of the hip 
rafter overhang, multiply 1.42” 
by the run of the common rafter 
overhang. See Figure 48-7. 

A framing square can also be 
used to calculate the run of the 
hip rafter overhang. Take a diago- 
nal measurement from two points 
that are equal to the sides of a 
square formed by the common 
rafter overhang. See Figure 48-8. 


Step-off Method for 
Calculating Length and 
Laying Out Hip Rafters 


The step-off method described 
in Unit 47 for common rafters 
can also be used for hip rafters. 
The framing square is set up with 
the unit rise measurement on the 
tongue and the 17” (rather than 
12”) measurement on the blade. 


Figure 48-7 
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Use extreme care when using 
the step-off method to ensure 
accuracy. 


14%” RUN OF 
HIP RAFTER 
OVERHANG 


10" SQUARE 


FRAMING 
SQUARE 


Figure 48-8. A framing square can be 
used to calculate the run of the hip rafter 
overhang. In this example, the run of the 
roof overhang is 10". 


Backing or Dropping Hip 
Rafters 

Chamfering the top edges of a 
hip rafter is called backing the 
rafters. See Figure 48-9. Back- 
ing prevents roof sheathing from 
being higher where it covers hip 
rafters than where it covers com- 
mon and jack rafters. 


10^RUNOF - 


RUN OF HIP 
RAFTER OVERHANG 


OVERHANG | 
M11 i 
TER | 


Figure 48-7. A hip rafter overhang runs 1.42” for every 1” of common rafter run. In this 
example, the run of the common rafter is 10”. To find the run of the hip overhang, mul- 
tiply 1.42" by 10. The result is 14.2", or 18%”. 
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/ BACKING ON 
TOP EDGE OF 
HIP RAFTER 


B BACKING 


| 


OUTSIDE : 
CORNER END VIEW 


ASSEMBLY 
Pilli_ dg 


Figure 48-9. Backing a hip rafter allows 
roof sheathing to lie in the same plane as 
common and jack rafters. 


Another method to prevent 
roof sheathing from being higher 
over hip rafters is dropping the 
hip rafters. See Figure 48-10. 
The seat cut is enlarged, caus- 
ing the rafter to drop. Conse- 
quently, the sheathing rests on 
the top corners of the rafter and 
is in line with the roof. Most 
carpenters use the dropping 
method because it is faster than 
the backing method. 


HIP JACK RAFTERS 


Hip jack rafters frame the space 
between hip rafters and wall 
plates. Hip jack rafters run in 
pairs and are spaced the same 
distance apart as common rafters. 
If common rafters are spaced 
24" OC, the hip jack rafters are 
spaced 24" OC. 


Common Length 
Difference 


Hip jack rafters decrease in 
length as they get closer to the 
end of a building. Hip jack rafters 
have a common length difference 
as long as they are equally spaced. 
When the length of one hip jack 
rafter is known, the length of 
other hip jack rafters can be found 
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Dropping Hip Rafters 
| Figure 48-10 — 3 sema 


FIRST SEAT 
CUT LINE 


8” UNIT 
| RISE 


FRAMING 
SQUARE 1 


MARK SEAT 
CUT LINE 


AMOUNT OF 
RAFTER DROP (> 


SD 
) MEASURE 


HALF THICKNESS 
OF RAFTER 


3 MARK NEW 
" DROPPED 
SEAT CUT LINE 


AMOUNT OF 
‘~~ RAFTER DROP 


SS 


HEEL PLUMB à : 


CUT LINE 
FIRST SEAT 
CUT LINE 


1) Mark first seat cut line on a piece of rafter material. 


(2) Measure back one-half thickness of hip rafter on seat cut line. Measure at right 
angle from this point to edge of rafter. This will give the amount of hip rafter drop. 


© From a laid out hip rafter, measure amount of drop from first seat cut line 


and mark new dropped seat cut line. 


Figure 48-10. Dropping a hip rafter is faster than backing a rafter and accomplishes the 


same purpose. 


by subtracting or adding the com- 
mon length difference. 

The common length difference 
of hip jack rafters can be eas- 
ily calculated using the framing 
square rafter table. The common 
length difference is expressed as 
the “difference in length of jacks.” 
Measurements on the third line 
ofa rafter table are for jack rafters 
spaced 16” OC. Measurements on 
the fourth line are for jack rafters 
spaced 2’ (24”) OC. 


y 7 AVG 
AEN 


Laying Out Hip Jack Rafters 


As shown in Figure 48-11, 
layout for hip jack rafter place- 
ment may begin from a common 
rafter at the end of the ridge 
board. Layout may also begin 
from a common rafter located at 
some point other than the end 
of the ridge board. See Figure 
48-12. In a third hip jack rafter 
layout method, layout begins at 
the corner of the building. See 
Figure 48-13. 


Diagonal bracing is used to keep the exterior walls straight and plumb until the rafters 


or trusses are installed. 


Calculating Hip Jack Rafter Lengths from Common Rafters 
Figure 48-11 —— e »- 


COMMON RAFTER RIDGE BOARD 


A, B, C, AND 
D ARE HIP 
JACK RAFTERS 
A Log 


LINE FOUR (4) OF RAFTER TABLE. — 
SHOWS DIFFERENCE IN LENGTH OF —— 
HIP JACK RAFTERS SPACED 24”0C 


17% 


ó 
H 
JE. 
z| ob 
2) of 
z| Ser 
Ojj $ 
W Ly 
mij = 


FRAMING SQUARE 


- ] H 134 ^" / 1013/7, c5" 
DOUBLE Z | Subtract common length difference (26'%6” or 2’-2'%6” ) found on rafter tables 


TOP PLATE Z / | from common rafter length (11'- 695" ). 
We | 11-63%” Common rafter length 


— 2'-2!€" Common length difference 
9'-3334&" Length of “A” hip jack rafter pair 
To find length of “B” hip jack rafter pair, subtract common length difference 
from the “A” hip jack rafter pair. 
2634s" COMMON 9'-3!34e" Length of “A” hip jack rafter pair 
LENGTH DIFFERENCE — 2/'-2"Ae&" Common length difference 
m V-41” Length of “B” hip jack rafter pair 


o To find length of remaining hip jack rafters (“C” and *D"), continue to subtract 
common length difference from preceding pairs of hip jack rafters. 


Figure 48-11. When calculating lengths of hip jack rafters for layout beginning from the common rafter at the end of the ridge, the 
common length difference must first be determined. In this example, the roof has a 6" unit rise and a 20'-8" span. The length of com- 
mon rafters is 11'-69&". The hip jack rafters are spaced 24" OC. The common length difference is 26124". 


Calculating Hip Jack Rafter Lengths from Rafter Located Away from 
End of Ridge Board 
| Figure 48-12 — 


LE 


NU | 
RUN NS 
: p zz 
IDGE BOARD 
^^ HIP JACK RS 


RAFTERS pA ILa [nn [LT | 


COMMON 
RAFTERS 


—== = 


DOUBLE , í Measure back 24” from center of first common rafter and mark point “X” to 
TOP PLATE A indicate center point of longest hip jack rafter. 


Measure distance from point “X” to end of building. In this example, the 
distance is 10’-4”, which is equal to run of longest hip jack rafter. 


Convert 4” to decimal foot equivalent (10 -4" = 10.33’). Find length of common 
rafter per foot of run under number “5”, which is 13". Multiply 13" by 10.33’, 
which will equal length of longest hip jack rafter. 


10.33’ Run of longest hip jack rafter 
x 13" Length of common rafter per foot of run 
134.29" or 11’ -254e" Length of longest hip jack rafter 


Common length difference for hip jack rafters on 5" unit rise roof with jack 


spaced 24" OC is 26" or 2' -2". After length of longest jack rafter has been 
established, length of each succeeding jack rafter decreases by this amount. 


- 11-2546” Longest hip jack rafter 
SHORTEN EACH - 2'-2" Shorten each by 
RAFTER BY 2'-2" ROM RAFI 9-076” Length of second longest hip jack rafter 


Figure 48-12. Hip jack rafter layout can begin from a common rafter located away from the end of the ridge board. In this example, 
the roof has a 5 unit rise and 23'-0" span. The hip jack rafters are spaced 24” OC. The common length difference is 2'-2". 
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Calculating Hip Jack Rafter Len 
Ev S Á o 
12" UNIT RUN 


I 


RIDGE 
BOARD 
COMMON 
RAFTERS 
mmc 


6" 
UNIT 
RISE 


A, B, AND C ARE 
HIP JACK RAFTERS 


COMMON RAFTER 


ADD 2’-21%6” COMMON LENGTH 
DIFFERENCE TO EACH SUCCEEDING 
HIP JACK RAFTER 


DOUBLE 
TOP PLATE 


Find common length difference on framing square rafter tables for 6" unit rise, 
in this case 261346” or 2’-2'%6”. This is the length of the “A” hip jack rafter pair. 

2’-21% 8” Length of “A” hip jack rafter pair 
Add common length difference (2’-2"%c” ) to the 2’-2'%6” length to find the + 2'-2!34g" Common length difference 
length of the "B" hip jack rafter pair. 4-598" Length of "B" hip jack rafter pair 


4’-5%” Length of “B” hip jack rafter pair 
+ 2’-2'%6” Common length difference 
Length of “C” hip jack rafter pair 


Add common length difference (2’-2'%6” ) to length of the "B" hip jack rafter 
pair (4'-55&" ) to find the length of the "C" hip jack rafter pair. 


Figure 48-13. When calculating hip jack rafter length beginning from the corner of a building, the length of each succeeding hip jack rafter 
length is increased by the common length difference. In this example, the roof has a 6" unit rise. The hip jack rafters are spaced 24" OC. 
The 26 9A«" or 2’-2'%6" common length difference shown in the rafter table is the length of the first hip jack rafter placed 24" OC from the 
corner of the building. 


Determining Side Cuts Framing - 
Square Rafter Tables 
Figure 48-14 


The hip jack rafter has plumb 
cuts where it fastens to the hip, 
as well as at the heel and tail. A 
seat cut is made where it rests 
on the plate. The plumb and seat 
cuts can be laid out using the 
unit rise and 12” on the fram- 
ing square, as is done for the 
common rafter. The plumb cut 
is marked on the unit rise side 
of the square and the seat cut 
is marked on the 12” side. The 
bird’s mouth and overhang are 
marked the same way they are 
marked for common rafters. 

Hip jack rafters require a single 
side cut where they fasten to the 
hip rafter. A framing square can 
be used to find the angle of the 
side cut as viewed and laid out 
perpendicular to the top edge 
of the rafter. See Figure 48-14. 
A procedure for laying out the 
cuts on a hip jack rafter using a 


4” MARK ON BLADE FACE IS 
USED WITH A 4” UNIT RISE 


MU PT B 
RAFTER 
TABLES 


MARK SIDE CUT ANGLES ON TOP EDGE 
OF HIP JACK RAFTER (ALWAYS 
MARK ANGLE CUT ON 12" SIDE) 


1136" DIMENSION 
ON RAFTER TABLE 


LINE 5 


12" MARK 
(SIDE CUT) 


LINE 5 OF RAFTER TABLES 

MARKED (SIDE CUT OF JACKS USED) 
SHOWS DIMENSION TO BE USED WITH 
12" MARK TO INDICATE HIP JACK 
RAFTER SIDE CUT ANGLE 


FRAMING 
SQUARE 


framing square or Speed? Square 
is shown in Figure 48-15. 
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Figure 48-14. Hip jack rafters require a single side cut where they fasten to the hip rafter. 
In this example, the roof has a 4" unit rise. 


Laying Out Hip Jack Rafters 
| Figure 48-15 ——— — 


SQUARE LINE 


MARK 
Square a line across top CENTER POINT ACROSS TOP EDGE 
edge of rafter. Layout | OFRAFTERG/) 7 Ls OF PARTER 
center point. f 


TOP EDGE 
OF RAFTER 


Using framing square, 

lay out angle for side cut 
line on top edge of rafter. 
If using a Speed? Square, 
place pivot point along 
edge and pivot along edge 
until unit rise of Common 
scale aligns with rafter 
edge. 


MARK ANGLE FOR 
SIDE CUT LINE 


MARK FIRST TOP 
' i PLUMB LINE 
Using framing square, 
mark top plumb line 
on side of rafter. 


SHORTEN BY ONE-HALF 
DIAGONAL THICKNESS OF HIP 
RAFTER AND DRAW RIDGE 
PLUMB CUT LINE 


Shorten hip jack rafter by 
one-half diagonal thickness 
of hip rafter. Draw ridge 
plumb cut line on side of 
rafter. 


MEASURE 
PERPENDICULAR 
TO TOP PLUMB 
LINE 


© Measure length of hip 

jack rafter from squared 
line on top edge. ce 
heel plumb cut line an 
lay al bird's mouth by 1 ON TOP EDGE OF 
marking seat cut line. / — ex HIP JACK RAFTER — 
Measure length of rafter . CUT LINE 
overhang from heel plumb 
cut line and mark tail 
plumb cut line. 


MEASURE 
LENGTH FROM 
SQUARED LINE 


^y 
TA MARK HEEL 


PLUMB 
CUT LINE 


MARK TAIL 
PLUMB CUT LINE 


Figure 48-15. A hip jack rafter has plumb cuts where it fastens to the hip rafter as well as cuts at the heel and tail. 
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CONSTRUCTING HIP ROOFS — forfindingthetheoreticallength at the end of the ridge board, 
of the ridge board is shown in whereas a second method does 


The main framing members fi 
main Iraming members Tor not. See Figure 48-17. 


hip roofs should be precut prior Figure 48-16. The actual length 


to constructing the roofs. The is affected by the framing method 
ridge board forahiproofmustbe used at the end of the ridge. ? 
precut to its exact length beforeit ^ As previously mentioned, one Hip Roof Framing Procedure 


can be set in place. A procedure method places common rafters Media Clip 
Calculating Theoretical Ridge Bo 
Figure 48-16 ARRA 

eee TOTAEPENGTHOEHOUSE 


ard Length for Hip Roofs 


Calculate total span by adding 
two 11'-0" total run figures. 


7 “ 11’-0” Total run 
+ 117-0” Total run 


227-0” Total span 


2" NOMINAL HIP RAFTER 
(1%” ACTUAL THICKNESS) 


RIDGE BOARD 
11-0” / 
SQUARE 7 


Subtract 22'-0" span from total 
length of house to obtain 
theoretical ridge board length. 


22-0" TOTAL WIDTH 
OF HOUSE 


45'-0" Total length of house 
— 22'-0" Total span 


23-0” Theoretical ridge 
board length 


ls Pa: 23'-0" THEORETICAL 
11-0 xi RIDGE BOARD LENGTH 


Figure 48-16. When calculating the theoretical ridge board length of a hip roof, subtract the total span from the total length of the 
building. In this example, the total span of the roof is 22’ and the total length of the building is 45'. 


Calculating Actual Ridge Board Length for Hip 


Figure 48-17 EI l | 
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Hy COMMON RAFTER 
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ACTUAL LENGTH _ ACTUAL 


LENGTH 


0 When common rafters are placed at ends of ridge board, theoretical length of ridge board must be increased at each end by 
one-half thickness of common rafters. 


ACTUAL LENGTH THEORETICAL | 


LENGTH 


ONE-HALF 
. 45° 
THICKNESS 
OF RIDGE 


— THEORETICAL LENGTH —- 


ONE-HALF 45° THICKNESS 
OF HIP RAFTER 


ONE-HALF THICKNESS 
OF RIDGE BOARD 


ACTUAL LENGTH 


When common rafters are not placed at ends of ridge board, theoretical length of ridge board must be increased at each end by 
one-half 45° thickness of hip rafter plus one-half the thickness of ridge board. 


Figure 48-17. Different calculations are used when a common rafter is installed at the end of a ridge board than when a common 
rafter is not installed at the end. 
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After the ridge board is cut to 
length, the layout markings for 
rafter placement can be trans- 
ferred from the top wall plates 
to the ridge board. 

Conditions that require the 
use of purlins, braces, and col- 
lar ties are described in Unit 
46. Collar ties may be placed 
at every second or third pair of 
rafters. Purlins may be used to 
support longer rafters and are 
placed beneath the rafters at an 
intermediate point between the 
roof ridge and the exterior wall. 
Braces extending to the nearest 
interior partition support the 
purlins. General construction 
procedures for erecting hip roofs 
include the following and are 
shown in Figure 48-18. 

1. Install common rafters at two 
ends of ridge board. 

2. Install hip rafters at corners. 

3. Install hip jack rafters and 
remaining common rafters. 


j Procedure — 


COMMON RAFTER 
NAILED TO END 
OF RIDGE BOARD 


DOUBLE TOP PLATE 


1) Position and nail all common rafters that meet at the two ends of ridge board. 


HIP RAFTER 
NAILED TO END 
OF RIDGE BOARD 


rA —— Sous te TOP PLATE 


COMMON 
HIP JACK RAFTERS 


RAFTERS 


M AN \ 
\ A eee 
Ai 


m — —— HIP JACK RAFTERS 


[3] Position and nail hip jack rafters and remaining common rafters. 


Figure 48-18. When constructing a hip roof, the main framing members should be precut 
before construction begins. 
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n intersecting roof, also 
known as a combina- 
tion roof, consists of 


two or more roof sections slop- 
ing in different directions. A 
valley is formed where the 
different sloping sections are 
joined. See Figure 49-1. 

The two sections of an inter- 
secting roof may or may not be 
the same width. If the two sec- 
tions are the same width, the 
roof is said to have equal spans. 
If the two sections are not the 
same width, the roof is said to 
have unequal spans. 


Traditionally, the framing 
square has been used to lay 
out angled cuts and lengths on 
rafters for intersecting roofs. 
The Speed? Square is now also 
being used to lay out these raf- 
ters. Valley and valley jack rafter 
layout using the framing square 
and Speed Square are both dis- 
cussed in this unit. 


INTERSECTING ROOFS 
WITH EQUAL SPANS 


In a roof with equal spans, the 
total rise (height) is the same for 
the two ridges. See Figure 49-2. 
Where the slopes of the roof 
meet to form a valley between 
the two sections, a pair of valley 
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17 Intersecting 


Roofs 


rafters are placed. Valley rafters 
extend from the inside corners 
formed by the two sections 
of the building to the corners 
formed by the intersecting 
ridges. Valley jack rafters run 
from the valley rafters to the 
ridges. Hip-valley cripple jack 
rafters are placed between the 
valley rafter and hip rafter. 


INTERSECTING ROOFS 
WITH UNEQUAL SPANS 


An intersecting roof with un- 
equal spans requires a support- 
ing valley rafter to run from the 
inside corner formed by the two 
sections of the building to the 
main ridge. See Figure 49-3. A 
shortened valley rafterruns from 


the other inside corner of the 
building to the supporting valley 
rafter. Similar to an intersecting 
roof with equal spans, an inter- 
secting roof with unequal spans 
also requires valley jack rafters 
and hip-valley cripple jack raf- 
ters. In addition, a valley cripple 
jack rafter is placed between 
the supporting valley rafter and 
shortened valley rafter. 


VALLEY RAFTERS 


In intersecting roofs with equal 
spans, valley rafters run at a 
45? angle to the exterior walls 
of a building and are parallel 
to hip rafters. Therefore, valley 
rafters are the same length as 
hip rafters. 


APA— The Engineered Wood Associotion 


Figure 49-1. In this intersecting roof, the hip section over the garage at the right inter- 


sects with the main gable roof. 


Intersecting Roofs with Equal Spans 
Figure 49-2 — | | = 


INTERSECTING 
RIDGE BOARD 


MAIN AND INTERSECTING ROOF SECTIONS HAVE 
EQUAL SPANS WITH SAME UNIT RISE. THEREFORE, 
RIDGE BOARDS ARE AT SAME HEIGHT. 


HIP ROOF VIEW 
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Figure 49-2. For intersecting roofs with equal spans, both sections are the same width and both ridge boards are the same 
height. 


Structural Insulated Panel Association 


An intersecting roof consists of two or more roof sections sloping in different 
directions. 


Laying Out Valley Rafters 


The layout of a valley rafter is 
almost identical to the layout of a 
hip rafter. The unit rise measure- 
ment and 17” measurement on a 
framing square provide the angles 
for the plumb and seat cuts. The 
side cut angles for valley rafters 
are the same as the angles for hip 
rafters. The only difference in 
layout occurs at the seat and tail 
of the valley rafter. Side cuts must 
be angled back at the heel plumb 
cut line to allow the valley rafter to 
drop down into the inside corner 
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of the building. See Figure 49-4. 
Side cuts are also required at the 
tail of the overhang so that the 
corner formed by the valley will 
align with the rest of the roof 
overhang. See Figure 49-5. 

The angle of the side cuts at the 
heel and tail is the same as the angle 
where the rafter connects with the 
ridge board. The layout procedure 
for a valley rafter is shown in Figure 
49-6. Note that, unlike hip rafters, 
valley rafters do not require backing 
or dropping in an equal span roof, 
but they may require dropping in 
an unequal span roof. 


Figure 49-3 


Intersecting Roofs with Unequal S 


James Hardie Building Products 


The intersecting ridge board of an intersecting roof with unequal spans is lower than 
the inain ridge board. 


)ans 


INTERSECTING 
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Figure 49-3. For intersecting roofs with unequal spans, the intersecting ridge board is lower on the section with the smaller 


span. 
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ANGLE PLUMB | 


CUT (SEE DETAIL) COMMON 


RAFTER 


DOUBLE VALLEY 


TOP PLATE RAFTER UST 
ANGLED 
TAIL CUT 

LINE HEEL PLUMB 


CUT LINE 


SEAT CUT 
ANGLED 
PLUMB 
CUT LINE 

BOTTOM VIEW OF 

VALLEY RAFTER 


Figure 49-4. Side cuts at the seat of a 
valley rafter must be angled back at the 
heel plumb cut line to allow the rafter to 
drop down into the inside corner of the 
building. 


LINE OF 
OVERHANG ~~. 


Figure 49-5. Valley rafters require side 
cuts at the seat and tail of the overhang. 


Laying Out Valley Rafters — — 


Figure 49-6 | 


© Lay out plumb lines and 
side cut lines and shorten 
the valley rafter (similar to 
hip rafter). Measure rafter 
length from squared line and 
mark heel plumb cut line, 
seat cut line, and tail plumb 
cut line. 


MEASURE FROM 
SQUARED LINE 


SQUARED 
LINE 
^ 
> HEEL 


STEPS 2 AND 
AS VIEWED FROM 
THE BOTTOM 


RIDGE BOARD END DETAIL EDGE TAIL PLUMB LINE 


SEAT CUT 
LINE 


On bottom edge of rafter, 

square a line from heel plumb 

cut line. Draw side cut lines 
that angle back from center of 
squared line. 


Draw second plumb cut line. 
Extend seat cut line until it 
meets second plumb cut line. 


TAIL PLUMB CUT LINE 


SEAT CUT LINE ^ 


HEEL PLUMB 
CUT LINE 


At tail plumb line, square a line 
across edge of rafter. Draw 
side cuts that angle back from 

PICTORIAL VIEW center of squared line. Draw 
second tail plumb line. 


Figure 49-6. Valley rafters require angled side cuts at the ridge, heel, and tail. 
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Supporting and 
Shortened Valley Rafters 


An intersecting roof with un- 
equal spans requires two types 
of valley rafters—supporting and 
shortened. See Figure 49-7. A 
supporting valley rafter extends 


Figure 49-7 a» 


DOUBLE 
TOP PLATE 


VALLEY JACK 
RAFTER 


VALLEY RAFTER d^ 
c . Laz i 


from the wall plate to the main 
ridge board and has a single side 
cut where it fits against the ridge 
board. A shortened valley rafter 
runs at a 90? angle to the sup- 
porting valley rafter. Shortened 
valley rafters have a square cut 


VALLEY CRIPPLE 
JACK RAFTER 


COMMON 
RAFTER 


Supporting and Shortened Valley Rafter 


Figure 49-8 


where they butt against the sup- 
porting valley rafter. The length 
of a shortened valley rafter is 
based on the run of the narrower 
roof. See Figure 49-8. The layout 
procedure for a shortened valley 
rafter is shown in Figure 49-9. 


Supporting and Shortened Valley Rafters— Pictorial 
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Figure 49-8. A shortened valley rafter runs at a 90° angle to the supporting valley rafter. Shortened valley rafter length is based on 


the run of the minor roof section. 
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Figure 49-9 


SUPPORTING 
VALLEY 


SHORTENED 
PLUMB CUT 


© of supporting valley rafter. 


cut and overhang. 


Lay out supporting valley plumb line. Shorten valley rafter by one-half thickness 


o Measure rafter length from original supporting valley plumb cut line. Lay out seat 


Rafters 


TAIL PLUMB 
LINE 


Y 
FISA 


OVERHANG 
TAIL PLUMB CUT LINE 


Figure 49-9. A shortened valley rafter has a square cut where it butts against the 


supporting valley rafter. 


Roof valleys must have the proper underlayment and waterproofing membrane to prevent 
ice buildup damage in colder climates. 


Laying Out Valley Rafters 
with a Speed Square 

Layout of valley rafters is almost 
identical to the layout of hip 
rafters. The Hip-Val scale on the 
Speed Square is used to lay out 
the proper angle based on the 


unit rise. The side cut angles for 
valley rafters are the same as the 
angles for hip rafters. The only 
difference in layout occurs at the 
seat and tail cuts of the valley 
rafters. Side cuts are angled back 
at the second heel plumb cut line 


to allow the valley rafter to drop 
down into the inside corners of 
the building. See Figure 49-10. 
Side cuts may also be required 
at the tail of the overhang so the 
corner formed by the valley will 
align with the rest of the roof 
overhang. If side cuts are used, 
one-half the rafter thickness will 
need to be added to the overhang 
length to allow for the side cuts. 


HEEL PLUMB 
LINE 


HEEL PLUMB 
CUT LINE 


"E SEAT CUT 
LINE 


2: en, 


SIDE RAFTER THICKNESS 
CUTS 


HEEL PLUMB CUT 


ANGLED SIDE 
CUT LINE 


TAIL CUT 


Figure 49-10. Angled side cuts are re- 
quired at the heel plumb line. Angled tail 
cuts may also be needed. 


VALLEY JACK RAFTERS 


Valley jack rafters bridge the area 
between valley rafters and the 
ridges of an intersecting roof. 
Spacing of valley jack rafters is 
the same as the spacing of com- 
mon roof rafters. 


Calculating Valley Jack 
Rafter Lengths 

Valley jack rafters decrease in 
length as they get closer to the 
top of the roof. Valley jack rafters 
havea common length difference 
if they are spaced the same dis- 
tance apart. The common length 
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differences are the same as those 
for hip jack rafters. The third line 
of a framing square rafter table 
provides the common length Figure 49-11 
difference for jack rafters spaced 
16" OC. The fourth line provides MAIN RIDGE BOARD 
the common length difference for 
jack rafters spaced 24” OC. COMMON RAFTERS 
The chosen procedure for cal- | 

culating valley jack rafter lengths 

depends on how the rafters are 
positioned on the roof. Fig- 
ure 49-11 shows the procedure z 
to use when the valley jack rafter INTERSECTING 
spacing begins from the inside RIDGE BOARD 
corner of a building. Figure 49-12 
shows the procedure to use when 
valley jack rafter spacing begins 
from a common rafter positioned 
away from the inside corner. Fig- 


Calculating Valley Jack Rafter Lengths from 
Inside Corner 


COMMON RAFTERS 


ure 49-13 shows the procedure to Q The length of first pair of valley jack rafters (9'-42") is the same as the length of 
: common rafters. To determine length of second pair of valley jack rafters, subtract 
use when valley jack rafter spac- common length difference of 2’-6” (line 4 of framing square rafter tables) 


ing begins from the center point from 9-412". 
of the intersecting ridges. 


9’-44%” Length of first pair of valley jack rafters 
— 2-6" | Common length difference 


6-102" Length of second pair of valley jack rafters 


o To determine length of remaining valley jack rafters, continue to subtract common 
length difference from each succeeding pair. 


Figure 49-11. Valley jack rafter lengths can be calculated from the longest jack rafter 
at the inside corner of the building. In this example, the roof has a 9" unit rise and the 
rafter spacing is 24" OC. 


Calculating Valley Jack Rafter Len 


jths by Measuring from Common Rafters 
| Figure 49-12. a meee 


PLAN VIEW OF 
INTERSECTING ROOFS 


MAIN RIDGE BOARD 
DOUBLE TOP 
PLATE 


VALLEY RAFTER 


From center of nearest common rafter measure 2'-0"and mark point A on main 
ridge board. This will be center point of first pair (longest pair) of valley jack rafters. 


From point A, measure to center of intersecting ridge board. In this case, the 
distance is 6'-6", and this figure is also run of first pair of valley jack rafters. 


Convert 6'-6" to 6.5’ and multiply by 15. (The number “15” is found under 9" mark 
on line 1 of framing square rafter tables.) 


COMMON RAFTER a. 15 Length of common rafters per foot run 
e x6.5 Run 
u 97.5" or 8-14" irst pai j 

INTERSECTING d " ; Length of first pair of valley jack rafters 

RIDGE BOARD a = Subtract common length difference (2’-6” or 30") from first pair of valley jack 
aoa 


rafters. Second pair of valley jack rafters is 5’-7/2”. Continue to subtract common 
length difference from each succeeding pair of valley jack rafters. 


Figure 49-12. Valley jack rafter lengths can be calculated when spacing begins from a common rafter positioned away from the inside 
corner. In this example, the roof has a 9” unit rise and the rafter spacing is 24” OC. 
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Calculating Valley Jack Rafter Lengths from Center of Intersecting 


Ridge Boards 


| Figure 49-13 —. 7 - 
| | VALLEY JACK RAFTERS SPACED 16” OC 
INTERSECTING 
COMMON RAFTERS FROM TEN M OF 


MAIN RIDGE BOARD 


VALLEY RAFTER 


, 1-074" 


VALLEY i 


DOUBLE TOP 
RAFTER COMMON RAFTER PLATE 
DOUBLE 
TOP 
PLATE 
INTERSECTING 
RIDGE BOARD 


PLAN VIEW OF INTERSECTING ROOFS 


Look at line 3 in column under 4" mark of framing square rafter tables. Difference in length of jack rafters spaced 16" OC is 1675" 
or 1'-47&". This will be length of first pair of valley jack rafters spaced 16" OC from center of ridge boards. 


ə To determine length of second pair of valley jack rafters, add difference in length (1-47%’ ) to length of first pair. 


1’-4%" Length of first pair of valley jack rafters 
-1'-47&" Difference in length 


2’-9%” Length of second pair of valley jack rafters 


o To determine length of remaining valley jack rafters, add difference in length (1'-478") to each succeeding pair. 


Figure 49-13. Valley jack rafter lengths can be calculated when spacing begins from the center point of intersecting ridges. In this 
example, the roof has a 4" unit rise and the rafter spacing is 16" OC. 


Laying Out Valley Jack 
Rafters 


For the plumb cut of a valley jack 
rafter, use the unit rise measure- 
ment and the 12" measurement on a 
framing square, and place a mark 
on the unit rise side. For the side 
cut, use the number found on the 
fifth line of the rafter table and 
the number “12.” Mark on the 
side of the 12. 

Valley jack rafters require a 
square cut where they are nailed 
against the ridge and a side cut 
where they meet the valley rafter. e f -Oem P s 
See Figur e49- 14 for the procedure APA—The Engineered Wood io 
for laying out a valley jack rafter. Complex roofs may have multiple ridges, hips, and valleys. 
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Laying Out Valley Jack Rafters 


Figure 49-14 


Square line across top 
edge of rafter. Draw 
ridge plumb line. 

If using a Speed? Square, 
place the pivot point 
along the edge until the 
unit rise on the Common 
scale aligns with the 
edge. Draw the ridge 
plumb line. 


Shorten valley jack 
rafter by one-half 
thickness of ridge 
board. Draw second 
ridge plumb cut line. 


Measure length of 
rafter from ridge 
plumb line. Square line 
across top edge of 
rafter and mark center 
point. Mark side cut 
line. 


Draw plumb line 
from side cut line. 


Shorten valley jack 
rafter by one-half 
diagonal thickness 
of valley rafter. Draw 
tail cut line. 


__END OF RAFTER 


RIDGE BOARD 


MARK RIDGE 
PLUMB LINE 


MEASURE 
PERPENDICULAR 
TO PLUMB LINE 


MARK RIDGE 
PLUMB CUT LINE 


LENGTH FROM 
RIDGE PLUMB LINE 


ONE-HALF 
DIAGONAL 
THICKNESS OF 
VALLEY RAFTER 


“SQUARE LINE - 
ACROSS TOP 
EDGE OF RAFTER 


SHORTEN BY 
ONE-HALF 


THICKNESS OF 
RIDGE BOARD 


MARK 


SHORTENED SIDE 
CUT LINES 


TO PLUM 


MN 


SIDE" 


CUT LINE 


MEASURE 
PERPENDICULAR 


B LINE 


TAIL CUT 
LINE 


TAIL END 
OF RAFTER 


Figure 49-14. A valley jack rafter has a square cut where it fits against the ridge and a side cut where it meets the valley rafter. 
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HIP-VALLEY CRIPPLE JACK 
RAFTERS 


When hip and valley rafters are 
placed close together, the space 
between them is framed with 
hip-valley cripple jack rafters. All 
hip-valley cripple jack rafters are 
the same length. 


Calculating Hip-Valley 
Cripple Jack Rafter 
Lengths 


A framing square rafter table 
can be used to find the lengths 
of hip-valley cripple jack rafters. 
First, find the distance from the 
end of the main roof section to 
the intersecting roof section. 
Multiply the number of feet in 
this distance by the number on 


the common rafter line under the ^ E E 
unitrisenumberatthetop ofthe SSCA eme S ERE et een ped 


Thi d icm APA—The Engineered Wood Association 
square. lS POCETNE Se Hip roofs have four sloping sides and are the strongest type of roof since they are braced 
in Figure 49-15. by four hip rafters. 


Calculating Hip-Valley Cripple Jack Rafter Lengths z 
| Figure 49-15 E a aa — — 


MAIN RIDGE BOARD 


TOP PLATE 


COMMON 
RAFTER 


MAIN RIDGE BOARD 


INTERSECTING 
RIDGE BOARD 


JACK RAFTERS 1 2 First hip-valley cripple jack rafter X begins at seat end of valley rafter (point A) 
Æ AN. : à ; © and extends to hip rafter (point B). Hip-valley cripple jack rafter runs at 45° angle 


SQ" ~ 7 to hip rafter. For this reason, length of run A-B is same as length A-C. 


Therefore, run of hip-valley cripple jack rafter is 4-0”. 


= o Determine length of common rafter per foot of run for 6" unit rise. Using framing 
square rafter tables, this is 13.42" on line 1. 


© Multiply 4'-0" run of hip-valley cripple jack rafter by 13.42" to find length. 
13.42” Length of common rafters per foot run 
x4-0" Run 


53.68”= 531746” or 4-5146” Length of hip valley cripple jack rafter 


Figure 49-15. Framing square rafter tables may be used to calculate the length of hip-valley cripple jack rafters. In this example, the 
roof has a 6” unit rise. Additional information required is the distance from the end of the main section to the intersecting roof section. 


This distance, shown as length A-C on the drawing, is 4-0". 
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A book of rafter tables can also 
be used to find the lengths of 
hip-valley cripple jack rafters. 


Laying Out Hip-Valle 
Capa Jack Rafters d 
Since hip-valley cripple jack 
rafters fit between the hip and 
the valley rafter, they require 
a plumb cut and side cut at 
each end. A layout procedure is 
shown in Figure 49-16. 


VALLEY CRIPPLE JACK 
RAFTERS 


Valley cripple jack rafters are 
used only on intersecting roofs 
with unequal spans. Valley 
cripple jack rafters are placed be- 
tween the shortened and the sup- 
porting valley rafters to bridge 
the space in the main roof sec- 
tion between the supporting and 
shortened valley rafters. 


Laying Out Hip-Valley Cripple Jack Rafters 


Figure 49-16 


MARK 
LENGTH 


CUT OFF 
WASTE 


DRAW PLUMB 
CUT LINES AT 
EACH END OF 
RAFTER 


Figure 49-16. A hip-valley cripple jack rafter has a plumb cut and side cut at each end. 
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DRAW SIDE 
CUT LINE 
THROUGH 

LENGTH MARK 

AT BOTH ENDS 


Calculating Valley Cripple 
Jack Rafter Lengths — 


The run of a valley cripple jack 
rafter is always twice the run of 
the valley jack rafter that it meets 
at the shortened valley rafter. For 
this reason, the length of a valley 
cripple jack rafter is also twice the 
length of that valley jack rafter. 
See Figure 49-17. Spacing of 
valley cripple jack rafters is the 
same as common rafters. 


Laying Out Valley Cripple 
Jack Rafters 


The angles for plumb cuts and 
side cuts on valley cripple jack 
rafters are found by using the 
same framing square method 
described for laying out other 
types of jack rafters. A pro- 
cedure for laying out valley 
cripple jack rafters is shown in 
Figure 49-18. 


another center point. 


lines run in same direction. 


cy Square a line across top of rafter and mark center point. Measure length of 
hip-valley cripple jack rafter, in this case 4'-4". Square a line at 4’-4” and mark 


o Mark side cut lines and plumb cut lines at each end of rafter. Note that side cut 


© Shorten hip-valley cripple jack rafter from each end. Theoretical length is 
measured from centers of hip and valley rafters. Deduct (shorten) 116” from 
plumb cut lines at each end or double the shortening amount on only one end. 


COMMON RAFTERS 


MAIN RIDGE BOARD 


SUPPORTING 
VALLEY 
RAFTER 


VALLEY 
JACK 


VALLEY 
CRIPPLE 


JACK \|| X RAFTER 


SHORTENED 
VALLEY 
RAFTER 


— 
INTERSECTING 
RIDGE BOARD 


Figure 49-17. A valley cripple jack rafter 
is always twice the length of the valley 
jack rafter. Note that the valley cripple 
jack rafter and the valley jack rafter meet 
at the same point on the shortened valley 
rafter. 


ORIGINAL 


SIDE CUT 
SHORTENED LINE 


SIDE CUT 
ORIGINAL 
PLUMB 
CUT LINE 


SHORTENED 
PLUMB CUT LINE 
(SHORTENED BY 
ONE-HALF 45° 
THICKNESS OF 
HIP RAFTER) 


Laying Out Valley Crip 


ple Jack Rafters 
| Figure 49-18 — | aza 


SQUARE A LIN 
mus Gi) QUARE A LINE 


LENGTH 


ORIGINAL 
SHORTENED SIDE CUT 
SIDE CUT —.,\ LINE 


LINE 

ORIGINAL 
PLUMB 
LINE 


CUT OFF 
WASTE 


SHORTENED 
PLUMB CUT LINE 


CUT OFF 
WASTE 


DRAW SIDE 
CUT LINES 
AT BOTH ENDS 


1) Square a line across top of rafter and mark center point. Measure length of 
valley cripple jack rafter and square second line across top of rafter and mark 
another center point. 


DRAW PLUMB 
LINES AT EACH 
END OF RAFTER 


Mark side cut lines at each end of rafter. (Note that side cut lines run in opposite 
directions.) Mark plumb cut lines at each end. 


© Shorten valley cripple jack rafter at each end by one-half the diagonal thickness 
of supporting and shortened valley rafters (1%46”) or double the shortening 
amount on only one end. 


|.  OPCNENE 


Figure 49-18. The run of a valley cripple jack rafter is twice the run of the valley jack rafter that it meets at the shortened valley rafter. 
Side cuts on valley cripple jack rafters run in opposite directions. 


EMG RO OFS Locating Center Point of Supporting Valley Rafter at 


Main Ridge Board H4] 


Construction of an intersectin 
8 [Figure 49-19 


roof usually begins with setting 
up the ridge board of the main 
roof. The main ridge board is 
supported by a pair of common 
or hip rafters at each end, as de- 
scribed in earlier units for gable 
and hip roofs. 


Locating Points of 
Intersection 


After the main ridge board has 
been set in place, the ridge board 
of the intersecting portion of 
the roof can be erected. First, 
however, the correct point of 
intersection must be marked on 1) Measure distance between end of main roof and side of intersecting roof (B). 
the main ridge board. Methods 
to locate the point of intersection 
for three different types of inter- 


secting roofs are shown in Figures Figure 49-19. The ridge board intersecting a hip roof in which the two roof sections have 
49-19 and 49-20. unequal spans fits into the corner formed by the supporting and shortened valley rafters. 


For dimension A, measure distance B from center of common rafter fastened at 
o end of main ridge board. Dimension A equals dimension B. Dimension A (7'-0") 
is distance to center point of supporting valley rafter. 
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Locating Center Point of Ridge Board 


Figure 49-20 — END OF MAIN Roosa 


CENTER 


Ste T. 
POINT Witte (15207) 


VALLEY 
RAFTER 


MAIN RIDGE BOARD 


VALLEY 
RAFTER 


SIDE OF 
INTERSECTING 
ROOF 


INTERSECTING A scm 


ROOF RIDGE BOARD 


(2) Se | 


RIDGE BOARD INTERSECTING WITH GABLE ROOF 


Add lengths B and C to obtain measurement from end of main 

roof to center point of intersecting ridge boards (A). 

B 5-0” Distance between end of main roof and 
intersecting roof 

C +100" Run of intersecting roof 


A 15-0" To center point 


Measure the run of 
intersecting roof (C). 


Measure distance between 
end of main roof and side of 
intersecting roof (B). 


COMMON RAFTERS AT 
END OF MAIN RIDGE BOARD 


CENTER l o 
itd A 
. (7-97) HIP 


MAIN RIDGE BOARD RAFTERS 


VALLEY VALLEY 
RAFTER RAFTER 


INTERSECTING 
"we c RIDGE BOARD | 
ROOF (1) 
ein 
(7’-0”) 


RIDGE BOARD INTERSECTING WITH HIP ROOF 


Measure distance between end of 
main roof and side of intersecting 
roof (B). 


o For dimension A, measure distance B from center of common rafter fastened at end of 
main ridge board. Dimension A equals dimension B. Dimension A (7’-0”) is distance to 
center point of intersecting ridge board. 


Figure 49-20. To locate the center point of a ridge board intersecting a gable roof, add the distance between the end of the main roof 
and side of the intersecting roof to the run of the intersecting roof. The center point of a ridge board intersecting a hip roof in which 
the two roof sections have equal spans must be located accurately. 
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Calculating Intersecting 
Ridge Board Lengths 


Whenever possible, intersecting 
ridge boards should be cut to 
their exact lengths before they 
are set in place. Methods to 
calculate ridge board lengths for 
three different types of intersect- 
ing roofs are shown in Figures 
49-21, 49-22, and 49-23. 


a 


f S Square gauges are used with a 

framing square when laying out 
several rafters that are to be cut at 
the same angle. Square gauges 
are clamped to the blade and 
tongue of the square. If square 
gauges are not available, make a 
straightedge of a short 1 x 4 
fastened to the blade and tongue 
of the square with small C-clamps. 
The straightedge is placed flush 
against the edge of the rafter stock 
at the proper position and lines are 
drawn along the blade and tongue. 


Simpson Strong-Tie Company, Inc. 


Seismic and hurricane rafter ties may be used to attach rafters to the double top plate. 
Five 8d nails are driven into the rafter and double top plate. 


Calculating the Length of an Intersecting Ridge Board—Gable Roof 


| Figure 49-21 


pme 


A (10-0) 


` MAIN RIDGE BOARD 


RIDGE BOARD m 


i m OE = sortir ncc 
1%” THICK e ee 
= MAIN RIDGE BOARD =T_ 7 1 CENTER UM 


THEORETICAL Ai 
LENGTH 177-0” INTERSECTING j ACTUAL 
(TO CENTER OF RIDGE BOARD |) |) LENGTH 


RIDGE BOARD) (16-1174) 


| Add total run of main roof (A) to length of the intersecting roof (B) to determine 
theoretical length of intersecting ridge board. 


A 10-0” Total run of main roof 
B + 7'-0" Length of intersecting roof 


17-0" Theoretical length of intersecting ridge board 
Subtract one-half thickness of main ridge board (24^) from theoretical length of the 
intersecting ridge board to obtain actual intersecting ridge board length. : 


17'-0" 


a 3a” 


16-11%” Actual length of intersecting ridge board 


Theoretical length of intersecting ridge board 
One half-thickness of main ridge board 


Figure 49-21. When calculating the length of an intersecting ridge board when a gable roof intersects with the inain roof, one-half the 
thickness of the main ridge board is subtracted from the theoretical length. 
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Roof 


—————— —- 0 


ap Measure distance A (13’-0”), which is total run of main roof. 


Measure C (13'-0^), which is distance from end of intersecting hip roof to center 
point of common rafter fastened at end of intersecting ridge board. Dimension C 
is equal to total run (D) of hip roof. 


Measure B (8'-0^), which is distance from one side of main roof to center point of 
common rafters fastened at end of intersecting ridge board. This dimension is 
found by subtracting dimension C from length between side of main roof and 
end of hip roof. 
E 21-0" Distance from side of main roof to end of hip roof 
C -15'-0" Distance from end of hip roof to center point of 
common rafter at end of intersecting ridge 


B 8'-0" Distance from side of main roof to center point of 
common rafters at end of intersecting ridge board 


Add dimensions B (8'-0") and A to obtain theoretical length of intersecting ridge 
board (21'-0^). 


B 8'-0" 
A 13-0" 
21’-0” Theoretical length of ridge board 


SUBTRACT 
ONE-HALF (5) To determine actual intersecting ridge board length, subtract one-half thickness of 
RIDGE BOARD main ridge board (24^) and add one-half thickness of common rafter at opposite end 


of intersecting ridge board (34"). 
21-0” Theoretical length 
— 34" One-half common rafter thickness 
20-1114” 
+ 3” One-half common rafter thickness 
21-0” Actual length of ridge board 


THICKNESS 


ll ADD ONE-HALF | 
COMMON RAFTER 
THICKNESS 


LENGTH 


THEORETICAL 
ACTUAL 
LENGTH 


COMMON 
RAFTER 


In the above example, ridge board and common rafter thicknesses are equal (112). 
Therefore, if one-half ridge board thickness is subtracted and one-half common rafter 
thickness is added, actual length is same as theoretical length. 


Figure 49-22. The procedure is shown for calculating the length of the intersecting ridge board when a hip roof intersects with the 
main roof and when the two sections have equal spans. 


d ! 
TUM 


James Hardie Building foci 
A unique roof line, such as the one shown here, may require advanced layout and framing skills. 
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Calculating the Length of Intersecting 


Ridge Board —Unequal Spans 


Figure 49-23 


SUPPORTING L_ Ż 
VALLEY 


RAFTER / SHORTENED 


VALLEY 
RAFTER 


INTERSECTING 
RIDGE BOARD 


thickness of valley rafters. 


a» Measure distance A, which is same as run C of intersecting roof. 


e9 Add dimension A to dimension B, which is length of intersecting roof. This will 
give theoretical length of intersecting ridge board. 


© To determine actual length of intersecting ridge board, subtract one-half diagonal 


SUBTRACT ONE-HALF 
DIAGONAL 
THICKNESS OF 
SUPPORTING 
VALLEY RAFTER 


ACTUAL LENGTH 


Figure 49-23. The procedure is shown for calculating the length of an intersecting ridge 
board when a gable roof intersects with the main roof and when the two sections have 
unequal spans. 


Framing Intersecting 
Roofs with Equal Spans 


A procedure for framing an inter- 
secting roof with equal spans is 
shown in Figure 49-24. In this 
example, both sections of the in- 
tersecting roof are gable roofs. 


Framing Intersecting 
Roofs with Unequal 
Spans 

The framing procedure for an 
intersecting roof with unequal 


spans differs somewhat from the 
procedure for a roof with equal 
spans. In a roof with unequal 
spans, the ridge board of the 
smaller roof section is lower 
than the main ridge board. The 
ridge board of the smaller roof 
section is fastened to the inter- 
secting point of the shortened 
valley rafter and the supporting 
valley rafter. One method for 
framing an intersecting roof 
with unequal spans is shown in 
Figure 49-25. 


Framing Intersecting 
Roofs—Equal Spans 
Figure 49-24 N 


DOUBLE 
TOP PLATE 


a MAIN RIDGE 
BOARD 


END COMMON S 
RAFTERS 


Install main ridge board and four 
supporting end common rafters. 


< INTERSECTING 


Qe" BOARD / / 


END COMMON 
RAFTERS 


Install intersecting ridge board. 
Nail intersecting end to main 

ridge board and install two end 
common rafters at end of inter- 
secting ridge boards. 


VALLEY JACK 
RAFTERS 


VALLE Ys 
RAFTER 


© Install two valley rafters running 
from main ridge board to inside 


building corner. 
© Install valley jack rafters. 


COMMON 
RAFTERS 


RAFTER RAFTER 


(5) Install remaining common rafters. 


Figure 49-24. When framing an intersecting 
roof with equal spans, the main ridge 
board is set at the proper height and 
supported with the end comunon rafters. 
In this example, both sections of the 
intersecting roof are gable roofs. 
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Blind Valley Construction 
of Intersecting Roofs 


Blind valley construction is a 
method of building intersecting 
roofs without valley rafters. See 
Figure 49-26. The main roof is 
sheathed and the intersecting 


section is built on top of the 
sheathing. 

Boards (1 x 6s) are fastened to 
the top of the sheathing as a base 
for nailing the valley jacks. The 
roof section consists of common 
rafters and valley jack rafters. The 
length of the longest set of valley 


jack rafters is determined by sub- 
tracting the common length dif- 
ference from the common rafter. 
The valley jack rafters require a 
seat cut combined with a side cut 
where they fasten to the 1 x 6. The 
layout for the valley jack rafter cuts 
is shown in Figure 49-27. 


Framing Intersecting Gable and Hip Roofs — Unequal Spans 
| Figure 49-25 COMMON UTER RAE 
INTERSECTING RAFTERS LE = 
MAIN RIDGE BOARD Hip RIDGE BOARD S 
DOUBLE TOP RAFTERS 
PLATE 
HIP RAFTER 2 
ZZ 
3i / HIP-VÁLLEY 
CRIPPLE JACK 
RAFTERS 
COMMON 
RAFTER SUPPORTING 
VALLEY SUPPORTING 
RAFTER mee” END RAFTERS Install remaining common rafters on 


HIP RAFTER main and intersecting roofs. Install hip 
jack rafters, valley jack rafters, hip- 
valley cripple jack rafters, and valley 
cripple jack rafters. When nailing valley 
jack rafters to valley rafter, hold two 
jack rafters a little higher than top 
surface of valley rafter. This allows roof 
sheathing to touch center of valley 
rafter. 


© Install main ridge board supported by 

two corner hip rafters and one common 
rafter at each end. Install supporting 
and shortened valley rafters. 


(2) Install intersecting ridge board. A 45° 
cut is required at end that fastens to 
valley rafters. Install pair of common 
rafters at end of intersecting ridge 
board. 


Figure 49-25. When framing an intersecting roof with unequal spans, the main ridge board is set at the proper height and supported 
with the hip rafters and common rafters at each end. In this example, one section of the intersecting roof is a gable roof and the 
other section is a hip roof. 


stru 


FINN 


Blind Valley Con 
Figure 49-26 — gos 
ANA ROOF SHEATHING 


A RSN NAILED TO ROOF RAFTER 
SA rd er X W nd 
=< 2 


ction 


E 


" Zub [5 gam. iie ae s ea 
ee 
LLEYJAC K RAFTERS 7 


INTERSECTING  ? 5 ais p Il 01 
RIDGE BOARD Z5. SI, » M SY SN ik 4 A 


STi ON ASR ae ; ] | 
eL ANNE NEN ; Ñ CAN < f 
RR N LA RAMAR A 


SUPPORTING ale, = IRAN N i 
END RAFTER . Soe RGN I US [ROOF SHEATHING 
= fi 

; 

A P 


VALLEY JACK RAFTERS REQUIRE 
A COMBINED SEAT AND SIDE CUT 
WHERE THEY ARE NAILED TO 1 x 6 


DOUBLE TOP PLATE i 


Figure 49-26. Blind valley construction does not require valley rafters. 
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Blind Valley Jack Rafter Layout 
 — — — — amm 


ORIGINAL = 

PLUMB. | CR 
CUT LINE `» 

| Ne BLIND VALLEY | SIDE CUT _ 

JACK RAFTER 


ROOF 
SHEATHING 


SHORTEN RAFTER 
BY ONE-HALF RIDGE 
BOARD THICKNESS (34" ) 


CUT LINE 


TS CM Mark plumb cut line at ridge board end of blind valley jack rafter. Shorten rafter 
XR | by one-half thickness of ridge board (?5" ) measured perpendicular to plumb 


JE CT ECT ED SSS cut line. Mark second plumb cut line. 
LINE PLUMB CUT LINE ~~ (2) p ont rafter length from original plumb cut line. Square a line across the top 
rafter. 


Mark seat cut and side cut lines. Side and seat cut angles are same as for 
regular jack rafters. Subtract 3⁄4” thickness of roof sheathing. 


Figure 49-27. The valley jack rafters for blind valley construction require a seat cut combined with a side cut where the rafters fasten 
to the 1x 6. 
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neered combination of 
structural members ar- 
ranged and fastened in triangular 
units to form a rigid framework 
for support of loads over a long 
span. Ends of the trusses bear 
directly on the opposing exterior 
walls. See Figure 50-1. 


Since trusses do not require 
intermediate support, greater 
flexibility in room layout is 
provided. Truss roofs require 
less labor to construct than tra- 
ditional framed roofs. Today, 
over 7596 of new homes in the 
United States and 9096 of new 
homes in Canada are construct- 
ed with roof trusses. 

Trussed roofs in North Amer- 
ica date back to colonial times, 
and were primarily used with 
timber-frame buildings. World 
War II brought about the de- 
mand for military housing that 
could be constructed quickly, 
and trussed roofs were one of 
the solutions. The trusses were 
constructed of dimension lum- 
ber and connected with glued 
and nailed plywood gussets, or 
the components were simply 
nailed together. After World 
War II, an improved fasten- 
ing method using light-gauge 
steel plates began to replace 


roof truss is an engi- 


Roof 


Trusses 


the use of plywood gussets. 
The plates were predrilled to 
receive nails. 

Metal plate connectors with 
teeth punched from the base 
metal evolved from the predrilled 
plates. Metal plate connectors are 
the most commonly used con- 
nector for trusses in residential 
and light commercial construc- 
tion. Most trusses used today in 
residential and light commercial 
construction are called metal 
plate-connected wood trusses. 


TRUSS TYPES AND 
COMPONENTS 


The basic components of a roof 
truss are the top and bottom 
chords and the web members. 


Web members extend between 
the top and bottom chords and 
are tied together with metal 
plate connectors. The top chords 
serve as the roof rafters and the 
bottom chords act as ceiling 
joists. See Figure 50-2. 


D 


Wood Roof Trusses 
Media Clip 


Trusses may be placed over 
most types of walls, including 
wood-framed, precast concrete, 
and masonry walls. Trusses can 
be constructed to form various 
roof types including gable, hip, 
mansard, and gambrel. Trusses 
are also available for intersect- 
ing roofs. See Figure 50-3. 


Figure 50-1. Hoof trusses are commonly used in residential construction. Metal plate 
connectors fasten the truss components together. 
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Trussed vs Rafter-Framed Roofs __ 
Figure 50-2 l NL | 


METAL PLATE 
CONNECTOR 


TOP CHORD 


HEEL PLATE i 
CONNECTOR a. NN 
- 1 $ 


TOP PLATE 


PANEL 
POINT 


TRUSSED - 


RIDGE BOARD 


SPLICE 


ROOF RAFTER 


SUPPORTING 
3 INSIDE WALL 


| 
i7— SUPPORTED SPAN x E SUPPORTED SPAN E 


RAFTER-FRAMED 


EXTERI 


Figure 50-2. Roof trusses serve the same purpose as rafters but provide a larger 
unsupported span. 


Roof Trusses Used for Intersecting Roofs 
| Figure 50-3 = - -— — 


VALLEY RAFTER SET 


GABLE OVERHANG 
(INTERSECTING ROOFS) 


(LADDER SYSTEM) 


COMMON 
TRUSSES 


DUTCH HIP 
SYSTEM 


| CANTILEVERED 
TRUSSES 


Figure 50-3. Various roof truss designs can be combined to form intersecting roofs. 
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A variety of truss designs are 
available. Common truss designs 
include the king post, W-type 
(fink), queen post (fan), K-type 
(howe), room-in-attic, scissors, 
piggyback, hip (girder), and 
vault. See Figure 50-4. 

Residential roof trusses range 
from 15' to 50' long. Roof pitch 
and span determine the truss 
height, which commonly ranges 
from 5’ to 15’. 


Lumber 


The minimum sizes of lumber 
used in truss fabrication are 2 x 4s 
for chords and 2 x 3s for webs. The 
sizes of chord and web members 
are increased for greater loads, 
spans, and stud spacing. The 
lumber should be identified by the 
trademark of a lumber inspec- 
tion bureau or agency. Acceptable 
grades are Select Structural, No. 
1, No. 2, or Machine Stress-Rated 
(MSR) lumber. 


Common Roof Truss Desi 
| Figure 50-4 | 


KING POST 


|. Commonly used for gable roofs. 
King post is directly under peak. 


QUEEN POST (FAN) 


Commonly used for gable roofs. 


PIGGYBACK 


jns 


W-TYPE (FINK) 


Commonly used for gable roofs. 
Webs form a W-shape. 


— Lr 


K-TYPE (HOWE) 


Commonly used for gable roofs. 
Spans 24' to 36'. 


AT IZ T, 


HIP 


Major truss in Dutch hip system at 
sloping ends of hip roof. 


SCISSORS 


Used if total truss height exceeds 


Used for vaulted ceilings. 


acceptable height for transportation. 


Used for vaulted or cathedral 
ceilings. 


Nonstructural member placed at 
gable ends to provide nailing surface 
for sheathing. 


Figure 50-4. A variety of standard roof truss designs are available. An endless number 
of variations of the standard designs are possible. 


Douglas fir and southern pine 
are two wood species used most 
often in truss fabrication. Other ac- 
ceptable species are sitka spruce, 
lodgepole pine, ponderosa pine, 
and western balsam fir. 


Metal Connector Plates 


Metal connector plates tie to- 
gether the chords and web mem- 
bers and distribute and transfer 


loads between adjacent mem- 
bers. Metal connector plates are 
manufactured from 16-, 18-, and 
20-ga galvanized structural steel 
that has been machine-stamped 
to produce small teeth that pro- 
trude from the face of the plate. 
Tooth length ranges from 1⁄4” to 1”. 
See Figure 50-5. 

Plates lose some of their effec- 
tiveness if the teeth are driven 


into holes, joint gaps, knots, bark, 
or pitch pockets. Joint gaps must 
be held to a minimum in order for 
the teeth to be an effective con- 
nector. The teeth are totally effec- 
tive if the joint gap is less than V. 
As gaps widen, the effectiveness 
of the teeth decreases. A %2” gap 
renders the plate ineffective. 


Figure 50-5. Galvanized metal connector 
plates tie together chords and web members 
and distribute and transfer loads between 
adjacent members. The teeth are very sharp 
and should be handled carefully. 


Hinge plates are hinged, two- 
piece metal connectors used 
as an alternative to piggyback 
trusses. Hinge plates can be at- 
tached to the lower ends of top 
chords, allowing the chords to 
fold flat for shipping. At the job 
site, the top chords are raised into 
position and another hinge plate 
is fastened at the peak to join the 
adjoining top chords together. 
See Figure 50-6. 


PRINCIPLES OF TRUSS 
DESIGN 


The members of a roof truss form 
a series of adjoining triangular 
shapes. A triangular structure 
is a rigid geometric shape that 
resists distortion when force is 
applied. A roof truss is an en- 
gineered structural frame that 
rests on the two exterior walls 
of a building. The load carried 
by the truss is transferred to the 
exterior walls. 
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Gerhard Heidersperger, MiTek Industries, Inc. 
Figure 50-6. Hinge plates may be used as 
an alternative to piggyback trusses. The 
top chords are aligned at the peak and 
nails are driven through the prepunched 
holes. 


Weight and Stress 


Truss design must accommo- 
date the weight of the materials 
used for the truss framework, 
sheathing, finish roofing mate- 
rials, and the finish ceiling ma- 
terials. In addition, local snow 
and wind conditions must be 
considered. The less the slope 
of a truss, for example, the 
heavier the snow load it may 
have to support. 


Tension and 
Compression 


Each truss component is in a 
state of tension or compression. 
Components in a state of ten- 
sion are subjected to a pulling 
force. Components in a state of 
compression are subjected to a 
pushing force. The balance of 
tension and compression gives 
the truss its ability to carry heavy 
loads and cover wide spans. See 
Figure 50-7. 
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TRUSS FABRICATION 


Roof trusses are typically or- 
dered from a truss manufac- 
turer and delivered by truck to 
a job site. 

A contractor generally fur- 
nishes a truss manufacturer 
with the roof framing plans for 
the building. The manufacturer 
then designs the trusses accord- 
ing to local building code and 
industry specifications. The 
trusses are then manufactured. 
Modern truss plants are highly 
automated facilities which uti- 
lize computer-aided controls to 
set the saws at the proper angles 
for cuts and lengths. Most truss 
manufacturers have a supply of 


stock types and sizes that are 
used in their surrounding areas, 
thus assuring quick delivery 
of the finished trusses to the 
job site. 


Assembly Methods 


Trusses are assembled on large 
tables at a manufacturing plant 
using various jigs, fixtures, and 
holddowns. As the truss com- 
ponents are precut, they are 
laid out on the assembly table 
and secured in position. A tight 
fit between truss members is 
required for structural integrity 
ofthe truss. To ensure tight fits, 
the cuts must be accurate. See 
Figure 50-8. 


Truss Roof Transfers Roof Load to Walls H 


Figure 50-7 


compre? 
i x O 


BOTTOM CHORD 


@ Ends of two top chords (A-B and A-C) are being pushed together (compressed). 

Bottom chord holds lower ends (B and C) of top chords from pushing out; 
therefore, bottom chord is in a pulling state (tension). Because lower ends of top 
chords cannot pull apart, peak of truss (A) cannot drop down. 


o Long webs are secured to peak of truss (A) and also fastened to bottom chord 
at points D and E. This gives bottom chord support at spans between exterior 
walls. Weight of bottom chord has a pulling effect (tension) on long webs. 


SHORT WEBS 


D 


SHORT WEBS 


© Short webs run from intermediate points F and G of top chord to points D and E 
of bottom chord. Short webs provide support to top chord. This exerts a 
downward, pushing together force (compression) on short web. 


WEIGHT 


Oo Overall design of trussed roof transfers entire load (roof weight, snow load, wind 
load, etc.) down through exterior walls to foundation. 


Figure 50-7. The balance of tension and compression gives a truss its ability to carry 


heavy loads and cover wide spans. 


A tight and accurate fit must be 
formed between truss components. 


"mE pei CONNECTOR 
= PLATE 
Loosely fit joints lack adequate strength. 


Figure 50-8. A tight fit between truss members is essential to the structural integrity of 


the truss. 


The bottom chord of a truss 
tends to sag at the center after 
it has been set in place. To pre- 
vent sagging, the bottom chord 
is arched a small amount when 
the truss is being constructed 
to produce the desired camber 
(upward curvature). 

Metal plate connectors are then 
properly positioned and pressed 
into the truss chords and web 
members. The metal connector 
plates are carefully positioned. 
See Figure 50-9. A large gantry 
press runs along rails on the sides 
ofthe assembly table, pressing the 
plates into the truss components. 
The truss then passes through a 
set of rollers that compress the 
connector plates a final time be- 
fore shipment. 


INSTALLING ROOF 
TRUSSES 


Gable roofs require only one 
type of truss and are the easi- 
est type of trussed roof to con- 
struct. Hip roofs are framed 
using a combination of trusses 
and conventional framing or 
by using a Dutch hip system. 
When framing intersecting 
roofs, the most efficient method 
is to place the valley trusses 
on top of the sheathing. See 
Figure 50-10. Before trusses 
are installed, all walls must be 
aligned and properly braced. 

Trusses are commonly placed 
24” OC. Where possible, roof 
trusses should be placed di- 
rectly over wall studs. 


Wood Truss Council of America 
Figure 50-9. During manufactured truss assembly, metal plate connectors are pressed 
into truss components. 


Several options exist for safe 
truss erection including preas- 
sembling a roof section on the 
ground and raising it into place; 
using an OSHA-approved scaf- 
fold, ladder, or aerial lift; or us- 
ing a roof anchor and fall-arrest 
system. 

When preassembling a roof 
section, the trusses are posi- 
tioned on a level surface, such 
as a subfloor or concrete slab, 
and properly braced. Sheath- 
ing is then attached to the top 
chords and the roof section is 
raised and fastened to the dou- 
ble top plate. The preassembled 
section can then be used as an 
anchorage point for subsequent 
sections of the roof. 

Smaller and lighter trusses 
can be placed by hand on one- 
story buildings. The trusses are 
placed upside down between 
the walls. Using lifting poles 
with a V-shape at one end, one 
or two carpenters upright the 
truss and position it. Other 
carpenters on ladders along the 
exterior walls toenail the ends 
of the bottom truss chord to the 
top plate. If two poles are used 
to upright the truss, the poles 
should be positioned close to 
the quarter points of the span. 
If one pole is used, it should be 
placed at the peak when raising 
trusses. See Figure 50-11. 

Longer and heavier trusses 
are hoisted by crane into the 
upright position. See Figure 
50-12. If a truss is laid flat 
while being placed, lateral 
bending and jarring can place 
a strain on the connections and 
cause plates to loosen and pull 
away from the wood members. 
Bracket scaffolds may be at- 
tached to the inside of exterior 
walls so carpenters can fasten 
the trusses to the double top 
plate. For large commercial 
trusses, an aerial lift may be 
used along the inside of op- 
posite exterior walls. 
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TRUSS JACK 


RAFTER 


Figure 50-10. When framing intersecting roofs, valley trusses are installed over the roof 


ROOF 
SHEATHING 


VALLEY TRUSSES 
INSTALLED OVER 
ROOF SHEATHING 


TRUSS JACK RAFTERS 
FRAMED INTO 
HIP TRUSS 


sheathing. Hip roofs can be framed using a Dutch hip system where truss jack rafters 


are attached to a hip truss. 


UPSIDE-DOWN TRUSSES RESTING 
ON DOUBLE TOP PLATES 


Slide trusses over double top plate. 
Trusses are in upside-down position 
(hanging peak down). 


ONE-WORKER LIFT ROTATE 
(SHORT SPAN) __~__ —TO UPRIGHT 
L7. POSITION 


POLE 


Using a lifting pole with V-shape at 
one end, one worker can rotate truss 
to upright position. 


TWO-WORKERLIFT ROTATE 
(LONG SPANS) ... ,.— TO UPRIGHT 
AL. POSITION 


M 


USE TWO 
LIFTING POLES 


Use a two-worker lift for larger, heavy 
trusses covering wider spans. 


Figure 50-11. Light trusses can be 
positioned by hand after they are placed 
upside down between the exterior walls 
of a building. 


500 CARPENTRY 


Metal Truss Spacers 

Metal truss spacers are a fast 
and accurate method for spacing 
trusses and eliminate the need to 
mark the top plate before placing 
trusses. See Figure 50-13. Truss 
spacers can remain in place un- 
der the roof sheathing. 


Some types of truss spacers 
are not designed to brace roof 
trusses; they are a convenient 
means of accurately laying out 
trusses. Always refer to the 
manufacturer instructions for 
proper use of truss spacers. 


Metal Anchors and 
Hangers 


Metal anchors, hangers, and 
angles are used to attach trusses 
to the tops of framed walls 
and to one another. See Figure 
50-14. Metal anchors are used 
to attach the heels of a truss to 
the top plate of a framed wall. 
Truss hangers are used to attach 
trusses to other trusses such as 
when attaching hip jack rafters 
to hip rafters. 


"M they are unloadec : 
“repositioned on a job site. The 
anufacturer should be | 


Figure 50-12. Longer and heavier trusses should always be hoisted by crane in an upright 
position. 


Metal Truss Spacers | ] E 


Figure 50-13 
TRUSS 


As successive trusses are placed, 
unfold truss spacer to the next notch. trim spacer to length, flatten it, and 
Teeth grip truss and align it for nailing. nail through spacer and into truss. 


Figure 50-13. Metal spacers such as these are used to properly space trusses and are not designed to be used as bracing. Sheathing is 


applied directly over the spacers. 


Truss Anchors and Hange 


E E E e am EE S PARS 


Figure 50-14 


TRUSS 


DOUBLE TOP 
PLATE 


ANCHORS MUST 
BE INSTALLED 
IN PAIRS 


rs 


CONCRETE OR 
MASONRY WALL 


HIB-91, Commentary and 
Hecommendations for Han- 
dling, Installing, and Bracing 
TRUSS EE ESO Metal Plate Connected Wood 
ANCHOR Trusses, published by the Truss 

Plate Institute (TPI), has been 
developed for handling, install- 
ing, and bracing wood trusses 
spaced 2’-0” OC or less. While 
there are alternate safe practices 
that can be employed when in- 
stalling trusses, the information 
provided herein has proven to 
be an effective and safe means 
of installing trusses. 


ANCHORS Trusses are erected starting 


DOUBLED 
TRUSS JACKS TRUSS 


HIP (GIRDER) 
HANGER TRUSS 


HANGERS 


HANGER DOUBLED at one end of a building and 
moving toward the other end. 
When the first truss is placed 
in a one-story building, the 
truss must be securely braced 
to the ground. In multistory 
buildings, truss braces are fas- 
tened to the subfloor. Vertical 
and diagonal braces should 
be installed every 8’, with one 
end nailed to the top chord and 
the other end nailed to a hori- 
zontal tie or stake driven into 
the ground. See Figure 50-15. 


HIP JACKS 


Figure 50-14. Truss anchors and hangers are used to attach trusses to other structural Lateral braces are installed for 
additional stability. 


members. 


Bracing Trusses E 


Proper temporary bracing while 
placing trusses is essential to pre- 
vent collapse of the trusses, with 
possible damage to the trusses 


and worker injury. Inadequate 
temporary bracing is the main 
cause of truss collapse during 
truss placement. Metal or wood 
braces may be used for bracing 
roof trusses. 
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Truss Bracin 
Figure 50-15 


Systems 
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TOP CHORD 
BRACES 


GROUND 
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GROUND 
BRACE 
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OF BRACED 
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DRIVEN 
GROUND 
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ONE-STORY BUILDINGS 
LATERAL 
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OF BRACED BRACES 
GROUP 
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GROUND 
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MULTISTORY BUILDINGS 


Figure 50-15. For one-story buildings, the first truss is placed along the double top 
plate and is secured with vertical, horizontal, and lateral ground braces. For multistory 


buildings, ground braces are attached to the subfloor. 
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DIAGONAL 


VERTICAL 


After the first truss is properly 
braced, the remaining trusses 
are placed and properly braced. 
A 2 x 4 cut to 22%” long can 
be used to space the trusses at 
24" OC.Starting at the heel end, 
2 x 4 lateral braces are installed 
at 8' intervals along the top 
chords. See Figure 50-16. Each 
lateral brace should extend over 
four or five trusses and be fas- 
tened to the top chord of each 
truss with two 16d nails. The 
ends ofthe lateral braces should 
overlap at least two trusses. 
Bottom chords should also be 
braced with 2 x 4s nailed to the 
chords at 15' intervals. Diagonal 
braces can also be installed 
across several trusses every 30' 
starting at one end of the build- 
ing. Diagonal braces extending 
from each cornerof the building 
and nailed to the bottom chords 
are also recommended. 

Where permitted by the local 
building code, permanent metal 
lateral braces may be installed 
between roof trusses rather than 
lateral top chord braces. See Fig- 
ure 50-17. Teeth in the flanges at 
both ends of the brace are driven 
into the sides of the truss using 
a hammer. Permanent metal 
braces must be supplemented 
with the same diagonal bracing 
as used with wood top chord 
braces. When the braces are in 
place, roof sheathing can be in- 
stalled directly over the braces 
and top chords. 


SX 
G jm, 


LATERAL BRACES ' 
OVERLAP TWO 
TRUSSES MINIMUM 


LATERAL 
BRACING 


TOP CHORD 
LATERAL BRACE 


45° DIAGONAL 
BRACES 


Figure 50-16. Temporary diagonal braces should be installed across the top chords of 
the trusses at least every 30’ starting from one end of the building. Temporary lateral 


braces are installed at 8'-0" intervals. 


Gerhard Heidersperger, MiTek Industries, Inc. 
Figure 50-17. Permanent metal braces 
may be installed between roof trusses as 
lateral bracing. 


Sheathing 


Oriented strand board (OSB) 
or plywood panels are used as 
roof sheathing. When temporary 
wood or metal braces are used, 
the braces are removed as each 
panel is fastened in place. All 
braces should not be removed 
at one time. 


TRUSS SAFETY 


Fall protection requirements 
for residential construction are 
established in OSHA 29 CFR 
1926.501, Duty to Have Fall 
Protection. Conventional fall 
protection is required when 
performing work at or over 6". 
However, OSHA Instruction 


STD 3.1, Interim Fall Protec- 
tion Compliance Guidelines 
for Residential Construction, 
modifies those requirements, 
permitting employers engaged 
in certain aspects of residen- 
tial construction to routinely 
use alternative procedures 
instead of conventional fall 
protection. 

Special care must be taken 
when setting roof trusses in 
place. Prior to placing the first 
truss, required scaffolds or 
ladders should be properly 
positioned and the necessary 
guardrails or fall-arrest system 
must be set up. For walls up to 
8' tall, sawhorse scaffolds can 
be erected inside the building 
below where the trusses will be 
located. 

Safety precautions for walls 
over 8' tall are as follows: 


e Once truss installation be- 
gins, workers not involved 
with the installation must 
not stand or walk below 
the roof opening or exterior 
walls where they may be 
struck by falling objects. 

e Trusses must be properly 
braced before they may be 
used as a support. 


* Carpenters should be trained 
to make proper connections 
at the top plate or peak. 


Carpenters should have no 
other duties during truss/rafter 
erection. The first two rafters 
are set from ladders or sawhorse 
scaffolds. When the heels have 
been fastened to the top plate, 
a carpenter will climb a ladder 
onto an interior partition top 
plate to secure the truss peaks. 
Carpenters working along the 
top plates secure the heels of 
the trusses to the top plate. 
Another carpenter detaches 
trusses from the cranes and se- 
cures the trusses at the peaks. 
Carpenters should work inside 
the truss webs in a stable posi- 
tion by sitting on a ridge seat or 
positioning themselves inside 
previously braced trusses and 
leaning through the trusses to 
the next truss. 

The size and weight of a truss 
must be considered when in- 
stalling trusses. Ensure there 
are an adequate number of car- 
penters available to properly 
support the trusses, especially 
the bottom chord. When lifting 
trusses using a crane, proper rig- 
ging such as spreader bars and 
taglines must be used to control 
the trusses. 

When a portion of a trussed 
roof is properly braced and 
sheathed, a roof anchor and 
personal fall-arrest system 
may be used when installing 
the remaining roof trusses. 
Several designs of roof anchors 
are available. See Figure 50-18. 
Some roof anchors are made 
of metal and are attached to 
braced trusses or framing mem- 
bers with nails or screws. A 
D-ring provides an attachment 
point for a lifeline. 


DUI m 
"| When manufacturing wood trusses, 
= the moisture content of the lumber — 


should not be less than 7%. É 
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NAILS DRIVEN THROUGH CARABINER AND 
SHEATHING AND INTO LIFELINE ATTACHED 
TRUSS OR RAFTER TO D-RING 


Photos courtesy of Miller? Fall Protection 


Figure 50-18. Roof anchors are installed to provide an anchorage point for lifelines of 
personal fall-arrest systems. 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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Energy Conservation: Insulation 
and Construction Methods 


UNIT 51 Temperature Control, Condensation, 
and Ventilation ... 5067 
UNIT 52 Thermal Insulation and Other, 
| Insulating Methods... 514 — 
UNIT 53 Sound Control ... 530 | 
UNIT 54 Solar Energy ... 537. — 
| | d 


he two most important con- 
ditions affecting the tem- 


perature inside a building 
are the amount of heat flow in 
and out of the structure and the 


amount of moisture resulting 
from condensation. These con- ` 


ditions can be controlled by in- 


sulation and by proper building : 


design. When these conditions 
are well controlled, less fuel is 


required for a heating system . 


to warm the building and less 


electricity is required for air con- - 


ditioners to cool the building. 


BUILDING SCIENCE 


Building science, also known as 
building dynamics or building 
physics, is the study of interaction 
between a building (including its 
HVAG, mechanical, and electrical 
systems), its inhabitants, and the 
surrounding environment. Build- 
ing science focuses on the flow of 
temperature control, ventilation, 
and moisture in a building. The 
materials and installation meth- 
ods used by carpenters and other 
tradesworkers affect the flow of 
heat, air, and moisture into and 
within a building. Therefore, it is 
important that carpenters have a 
basic understanding of building 
science. 
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HEAT TRANSFER 


Heat always moves from warm 
areas toward cold areas. In the 
winter, warm air inside a building 
escapes through the framework 
of the building, moving to the 
cooler air outside. In the summer, 
warm air outside a building flows 
toward the cooler air inside. See 
Figure 51-1. The flow of heat is 
called heat transfer. 
Construction materials used 
for the exterior walls of buildings 
(including wood, brick, concrete, 
and masonry) prevent a certain 
amount of heat flow through the 
walls. However, a larger amount 
of heat flow can be prevented 
by adding thermal insulation. 
The term “thermal” describes 


Figure 51-1 
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During winter, warmed inside air tries to 
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Heat Always Flows toward Cold 
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During summer, hot outside air tries to 
flow through walls and roof to cooled 
inside air. 


flow through walls and roof to cold outside 


materials that have high heat flow 
resistance. Insulation is installed 
by carpenters or insulation spe- 
cialists, and is placed in the walls, 
floors, and ceilings that surround 
the living areas of a building. In 
a one-story house with an un- 
heated attic and crawl space, for 
example, insulation should be 
placed in the exterior walls, floor, 
and ceiling. See Figure 51-2. In a 
one-and-one-half-story house with 
a full basement, insulation should 
be placed along the exterior walls 
of all the living areas, including 
the basement. It should also be 
placed along the rafter sections 
and in the walls and ceiling that 
enclose the living space in the attic. 
See Figure 51-3. 
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Figure 51-1. Heat always moves from warm areas toward cold areas. 
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Figure 51-2. In a one-story house with an unheated attic and crawl-space area, insulation 
should be placed in the exterior walls, floor, and ceiling. 
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Figure 51-3. In a one-and-one-half-story 
house with a full basement, insulation 
should be placed in the exterior walls of all 
living areas, along the rafters, and in the 
walls and ceilings that enclose the living 
space in the attic. 


Heat Transfer Methods 
The three methods by which heat 


transfer occurs are conduction, 
convection, and radiation. 


Conduction. Conduction is 
the movement of heat through 
a solid or liquid. Heat passes 
from one molecule to another. 
When heat is applied to one end 
of a metal rod, for example, the 
other end of the rod eventu- 
ally becomes hot by means of 
conduction. See Figure 51-4. 


Dense materials, such as metals, 
are called conductors because 
they transfer large quantities of 
heat quickly. Less dense materi- 
als, such as wood and plastic, 
are called insulators because 
they do not transfer heat quickly. 
Therefore, insulators and insula- 
tion are used to retard heat flow 
through a solid, such as a door. 


SOLID METAL ROD 


CONDUCTS HEAT TO 
BOTH ENDS OF ROD 


CANDLE FLAME 
(HEAT SOURCE) 


Figure 51-4. Conduction is the movement 
of heat through a solid or liquid. For ex- 
ample, the heat from a flame is conducted 
from one end of a metal rod to the other. 


Convection. Convection is the 
movement of heat through the 
circulatory motion of air or liq- 
uid. An example of heat transfer 
by convection is air heated in a 
furnace and carried to different 
areas of a house. See Figure 51-5. 
When air is heated, it expands, 
becomes lighter, and rises. Colder 
air then replaces the warmer air. 


As a result, a convection loop is 
established that circulates the 
heat throughout the house. 
Another example of convec- 
tion is the way heat is circulated 
in a pipe by hot water moving 
through it. In convection, heat is 
transferred by the movement of a 
fluid (gas or liquid) substance. 


HOT AIR 
RISES 


CONVECTION 


Figure 51-5. Convection is the movement 
of heat through a fluid substance such as 
air or liquid. For example, air warmed by 
a source such as a furnace or wall heater 
rises. It is then replaced by colder air, 
which in turn is heated and also rises. 
A convection loop circulates the heat 
throughout the area. 


Radiation. Radiation is the 
direct transmission of heat by 
invisible waves similar to light 
waves. An example of radiation 
is the way radiant heat waves 
travel through the vacuum of 
space and warm the surface of 
the earth. Another example of 
radiation is heat that a person 
feels when standing near a fire. 
Figure 51-6 shows the principle 
of an underfloor radiant heat- 
ing system. Heat waves from 
heated water flowing through 
tubes installed under the floor 
strike and warm objects such 
as the walls, ceilings, and fur- 
niture. In addition, some of this 
heat transferred by radiation is 
reflected and warms the air by 
convection. 


Insulation as Protection 
against Heat Transfer 


Materials used for insulation 
protect a building from losing 
heat or coolness by any method 
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of heat transfer. Insulation mate- 
rial should be a poor conductor 
of heat to prevent heat transfer 
by conduction. The insulation 
material should stop or slow the 
airflow from warm to cold areas 
of the building to prevent heat 
transfer by convection. Finally, 
the insulation material should 
reflect heat rather than absorb it 
in order to prevent heat transfer 
by radiation. 


Figure 51-6. Radiation is the direct trans- 
mission of heat waves from a heat source. 
For example, heat waves from an under- 
floor radiant heating system strike and 
warm objects such as the walls, ceilings, 
and furniture. Some of the heat is reflected 
and warms the air through convection. 


Measuring Heat Transfer + 
and Resistance 


Many different kinds of insulation 
are available. Knowledge of how 
various materials used for insu- 
lation resist the passage of heat 
allows an architect or builder to 
select the materials best suited to 
insulating a particular building. 

Technical information about 
each type of insulation is ex- 
pressed in letters that represent 
certain factors—conductivity (k), 
conductance (C), and transmit- 
tance (U). A value of resistance (R) 
is based on these factors. 

Heat is measured in British ther- 
mal units (Btu). One Btu is the 
amount of heat required to raise 
the temperature of 1 Ib of water 
1°F (Fahrenheit). See Figure 51-7. 
Heating equipment used in build- 
ings, such as furnaces and boil- 
ers, is rated by its output in Btu. 
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When specifying heating equip- 
ment, engineers must calculate 
the amount of space to be heated 
in addition to the expected heat 
loss in the building. 
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Figure 51-7. The British thermal unit 
(Btu) is the unit measurement of heat 
transfer. One Btu is the amount of heat 
needed to raise the temperature of 1 Ib 
of water 1°F, 


Conductivity (k) and Conduc- 
tance (C) Factors. The best mate- 
rials for insulation have a low k or 
C factor. The k factor (conductiv- 
ity) measures the amount of heat 
that travels through homogenous 
material. Concrete, wood, and 
polyurethane foam insulation 
are examples of homogenous 
materials—they have the same 
composition throughout. The k 
factor is a decimal measurement 
of how many Btu per hour (Btu/ 
hr) pass through 1 sq ft of material 
that is 1” thick and has a tempera- 
ture difference of 1°F between 
its inside and outside surfaces. 
Wood has a lower k factor than 
concrete, and polyurethane foam 
insulation has a lower k factor 
than wood. See Figure 51-8. 
The C factor (conductance) 
is based on the same principle 
as the k factor; however, the 
C factor applies to materials 


of any thickness that are not 
homogenous or that have air 
cavities, such as hollow con- 
crete masonry units. 


K factor indicates amount of heat that 
travels through homogenous material. 
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Figure 51-8. The k factor represents the 
amount of heat that travels through a 
homogenous material. 


Transmittance (U) Factor. The U 
factor (transmittance) is a deci- 
mal measurement of how many 
Btu/hr pass through 1 sq ft of the 
combination of materials that 
make up the floor, ceiling, wall, 
or roof area of a building when 
a 1°F difference in temperature 
exists between the inside and 
outside of the building. See 
Figure 51-9. The U factor differs 
from k and C factors in that it 
expresses heat transfer through 
combined materials plus any air 
space that may exist rather than 
through a single material. 
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Figure 51-9. The U factor for a brick-ve- 
neered wood stud wall with insulation 
expresses heat transfer through the com- 
bined materials plus the air space. 
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Resistance (R) Value. The R 
value (resistance) represents 
the ability of a material to re- 
sist heat flow. Most insulation 
products are labeled with an 
R value on the wrapper. The 
total heat flow resistance of a 
wall includes the R value of 
the material used to construct 
the wall, such as wood, brick, 
concrete, or hollow concrete 
masonry units, plus the R 
value of the insulation material 
placed in the wall. An air space, 
such as the kind found between 
a wood frame and brick veneer 
wall, adds to the total R value 
of the wall. 


25 19 


The total R value needed for 
a building depends on region- 
al weather conditions, since 
buildings in colder climates 
require more insulation. Local 
building codes often specify 
insulation requirements for 
the area. Figure 51-10 gives ex- 
amples ofthe R values (based on 
k and C factors) of a number of 
different building materials. 


CONDENSATION 


Moisture is always present in the 
air; usually it is invisible. When 
air temperature increases, the 
moisture-holding capacity of the 
air also increases. 
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Figure 51-10. The R value represents the ability of a material to resist heat flow. Shown are the R values of common building materi- 


als based on their conductivity (k) or conductance (C). Note how 


materials. 


much higher the R values are for insulation materials than for other 
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Moisture in the form of water 
vapor is produced from many 
sources within a building. Activi- 
ties of an average family of four 
in a heated building generate 
approximately 22.5 lb of water 
vapor within a 24-hr period. See 
Figure 51-11. As much as 30 lb 
or more of water vapor can be 
generated by clothes washing 
and drying inside a building. 
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Figure 51-11. In a heated building, an av- 
erage family of four generates about 22.5 
lb of water vapor in a 24-hr period. 


When the warm, moisture- 
laden air within a building 
comes into contact with the 
cooler outside surfaces of the 
building, the air is unable to 
retain all of its moisture. Some 
moisture comes out of the air 
and forms water droplets on 
cooler surfaces. This process is 
known as condensation. 

The temperature at which 
condensation occurs is the dew 
point. Moisture problems because 
of condensation are greater in 
colder climates, where houses 
require more heating during the 
winter. See Figure 51-12. 

Condensation that occurs 
on the face of a wall is called 
surface condensation. Surface 
condensation is easily visible. 
Often, however, condensation 
occurs inside a wall. This con- 
cealed condensation can cause 
many problems. Over a period 
of time, concealed condensa- 
tion can cause serious decay 
in framing members. Blister- 
ing may occur on the outside 
painted surfaces of a building. 


Plaster or gypsum board inside 
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a building may begin to crack 
and crumble. 

In the past, houses were not 
built to resist the effects of 
weather as effectively as they 
are today. Construction al- 
lowed more air leakage, which 
in turn permitted more of the 
interior moisture to move out 
ofthe building. Modern houses 
are generally more tightly con- 
structed and better insulated 
than older ones. Little air leak- 
age occurs in modern houses, 
resulting in more air moisture 
and condensation problems 
than in older buildings. 


Airflow 


Uncontrolled airflow through 
the building envelope can result 
in major heat loss. The air can 
carry water vapor with it into 
the building envelope. For air 
to move through the building 
envelope, a hole must be in the 
envelope or there is a pressure 
difference between the outside 
and inside of the house. Holes 
in the building envelope may be 
a result of poor design or crafts- 
manship. A pressure difference 
between the outside and inside 
ofa building may be the result of 


wind effect, stack effect, or com- 
bustion-and-ventilation effect. 

The wind effect is created when 
the wind blows against a build- 
ing. A high-pressure area is cre- 
ated on the windward side and 
air is forced into the building. A 
low-pressure area is created on 
the opposite side of the building 
allowing air within the building 
to escape. 

The stack effect is based on 
the principle that warm air rises. 
As the warm air within a heated 
building rises, a high-pressure 
area is created toward the top of 
the building. Air escapes from the 
building through ceiling holes or 
cracks, or through spaces around 
upper-level windows and exte- 
rior doors. The force of the rising 
warm air creates a low-pressure 
area on the lower level, allowing 
outside air to enter the building 
through cracks and openings 
around the lower floors. 

The combustion-and-ventila- 
tion effect is created by wood-, 
oil-, or natural gas-burning ap- 
pliances that require makeup air 
to support combustion. The draft 
created by the appliances draws 
air up the chimney. The air must 
be replaced by air drawn into the 
building envelope. 
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Figure 51-12. With an indoor air temperature of 70*F, cooler glass temperatures cannot 
hold as much moisture as higher glass temperatures. This results in condensation at 


lower temperatures. 


Moisture Control 


Condensation in the floors, walls, 
ceiling, and roof ofa building can 
be controlled by means of vapor 
barriers and ventilation. 


Vapor Barriers. A vapor barrier 
is a thin material through which 
water cannot easily pass. Many 
insulation products have a va- 
por barrier on one surface. These 
products should be placed with 
the vapor barrier facing the 
warm side (inside surface) of 
the wall. See Figure 51-13. The 
vapor barrier prevents damage 
to the insulation material from 
the moisture that collects inside 
a wall. Ifthe insulation product 
does not have a vapor barrier, a 
separate vapor barrier should be 
attached to the warm side. 


Figure 51-13. Insulation should be in- 
stalled with the vapor barrier facing the 
warm side of the wall. 


Information about a vapor 
barrier material often refers to 
its perm rating. The perm rating 
indicates permeability (or perme- 
ance) and is based on a formula 
that measures the water vapor 
flow through the thickness of 
single material or combined ma- 
terials. Most building materials 
are permeable to some degree. A 
few materials, such as metals and 
glass, are completely imperme- 
able, meaning that they allow no 
vapor to pass through. An imper- 
meable material has a perm rat- 
ing of 0.00. Materials with a perm 


rating of 1 or less qualify as vapor 
barriers. However, construction 
conditions today often require a 
vapor barrier with a perm rating 
of 0.5 or less. Polyethylene film 
and aluminum foil have very low 
perm ratings and are often used 
as vapor barriers. 


Ventilation. Vapor barriers and 
insulation can effectively control 
condensation in the walls, floor, 
and ceiling of inhabited parts of 
a house. However, ventilation 
is needed in uninhabited areas, 
such as the attic space above the 
ceiling and below the roof, and 
the area between the floor and 
ground in a house with a crawl- 
space foundation. Ventilation is 
provided by openings that permit 
warm air to escape, as well as al- 
low the circulation of air in the 
enclosed areas. 


Attic Ventilation. Condensation 
occurs beneath the roof when 
water vapor is unable to escape 
through the roofing material. 
Wood shingles or shakes do 
not prevent vapor movement. 
Asphalt shingles or built-up 
roofs are highly resistant to va- 
por movement. Several venting 
methods are possible for attic 
areas of wood-framed buildings. 
Most methods have shortcom- 
ings when used by themselves 
but are effective when combined 
with other methods. 

e Gable end louvers are prob- 
ably the oldest ventilation 
system for gable roofs. See 
Figure 51-14. Slanted boards 
in the louver prevent rainwa- 
ter from entering. A screen 
covers the inside of the louver 
to prevent insects from enter- 
ing the building. Alone, gable 
end louvers are considered 
less efficient than other sys- 
tems as they only work well 
when a breeze is blowing at a 
right angle to the louvers. 


Soffit vents are located be- 
neath a roof cornice. They 
may consist of a series of 


small openings or one contin- 
uous slot. See Figure 51-15. 
With soffit vents, most of the 
ventilation occurs over the 
attic floor and there is little 
air movement beneath the 
roof sheathing. 


Roof vents are located on top 
of a roof. See Figure 51-16. 
They allow warm air to es- 
cape, but do not allow much 
airflow in the attic space. 


Continuous ridge vents run 
along the ridge of a roof. See 
Figure 51-17. Continuous 
ridge vents are unique in 
that their design provides 
some airflow resulting from 
temperature differences 
alone. General air circula- 
tion to the attic space is 
limited, however. 


Gable End Louvers 


| Figure 51-14 fuat 


GABLE 
ROOF 


CLOSED 
ATTIC 


BREEZE 
DIRECTION 


Figure 51-14. Gable end louvers allow 
airflow through an attic. 
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Typical Soffit Vents Installed under Wide 
Overhangs 
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Figure 51-15. Most ventilation through soffit vents occurs over the attic floor. 
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Figure 51-16. Roof vents are effective in al- 
lowing warm airto escape but do not allow 
much airflow into the attic space. 
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Figure 51-17. Continuous ridge vents run 
along the entire ridge of a roof. 


Common combinations of 
these venting systems are gable 
louver-and-soffit, roof-and- 
soffit, and ridge-and-soffit. See 
Figure 51-18. 


Roof Venting Systems 


Figure 51-18 
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LOUVERS 


Gable louver-and-soffit—gable louvers 
combined with soffit vents result in 
improved removal of heated attic air. 


Roof-and-soffit—metal roof vents 
combined with soffit vents improve 
air circulation in attic. 


CONTINUOUS METAL RIDGE VENT 


Ridge-and-soffit—continuous metal 
ridge vents combined with soffit vents 
is most effective natural attic 
ventilation system. 


Figure 51-18. Efficient ventilation of 
an attic is gained by combining venting 
systems. 


Attic Rafter Vents 


Attic rafter vents, also known 
positive-ventilation chutes, fit 
between the rafters or trusses in 
an attic to prevent insulation from 
blocking airflow from soffit vents. 
See Figure 51-19. Attic rafter vents 
should be placed between every 
rafter to ensure proper airflow. 


Ensure the attic rafter vent does 
not obstruct the soffit vent. Dur- 
ing warm temperatures, air flows 
through the soffit vents and forces 
warmer air from the attic through 
ridge vents. During cold tem- 
peratures, ice dams are eliminated 
from the eaves. 
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Figure 51-19. Attic rafter vents prevent 
insulation from blocking the airflow from 
soffit vents. 


Figure 51-20 


vent designs are available. 


Louvered Vent Installed in Crawl Space 


CrawlSpace Ventilation. Moisture 
rising by capillary action from the 
ground can cause condensation 
that results in stain and decay 
beneath the floor unit ofa building 
with a crawl-space foundation. 
Vapor barriers placed over the 
ground help reduce moisture. In 
addition, vent openings should 
be provided to provide airflow in 
the crawl space. See Figure 51-20. 
In general, 1 sq ft of vent is re- 
quired for every 150 sq ft of crawl 
space area. However, more vents 
may be needed for a crawl space 
with a dirt floor in a shaded site or 
damp climate. Fewer vents may 
be required for a crawl space with 
a concrete floor in a dry, windy 
climate. Foundation vents should 
be placed as high as possible and 
in opposite walls. Various styles 
of vent coverings are available. 
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tudies by government 
agencies have shown that 
20% of energy used in an 
average home is used for heating 
water. An additional 1096 is used 
for lighting rooms, cooking food, 
and powering appliances such as 
dishwashers, clothes washers, 
and clothes dryers. The remain- 
ing 7096 of the energy used in 
an average home is for heating 


and cooling the building. Today, ` 
the amount of energy required to ` 
heat and cool a building can be ` 


greatly reduced by using better 


insulation and improved con- 


struction methods. 


and Other 


n Insulating Methods 


THERMAL INSULATION 


Thermal] insulation is placed 
inside and on the surfaces of 
framed floors, walls, ceilings, and 
roofs of wood- and metal-framed 
buildings. Thermal insulation 
is also applied to concrete and 
masonry surfaces. See Figure 
52-1. Thermal insulation resists 
heat flow out ofa building during 
cold weather and heat flow into 
a building during hot weather. 
Most insulation also reduces 
sound transmission, and many 


types of insulation have high 4 


fire-resistive ratings. 
Insulation is rated by its R value, 
which indicates its resistance 
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to heat flow. Buildings in colder 
climates require insulation with 
higher R values. The map in Fig- 
ure 52-2 shows R values required 
for different areas of the United 
States. The chart in Figure 52-3 
lists some of the more widely 
used insulation materials and 
their R values. Figure 52-4 lists 
the thickness of each insulation 
material required to achieve dif- 
ferent R values. 


- Most homes het Hove between 
R-22 and R-49 insulation in 
the attic. 
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Figure 52-1. Insulation is installed inside and on the surfaces of framed floors, walls, ceilings, and roofs. 
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Mudsill anchors must be spaced 
at the correct intervals and 
placed along the center of the sill 
plate for optimum anchorage. 
Typically, mudsill anchors have 
less resistance value than anchor 
bolts and are installed at closer 
intervals than anchor bolts to 
compensate for the difference. 
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Insulation is manufactured 
from a variety of materials. The 
most widely used insulation— 
fiberglass insulation—is manu- 
factured from melted glass that 
is spun into fibers. Foam plastic 
insulation is manufactured from 
molten plastic that is infused 
with air. When cooled, the foam 
plastic insulation contains mil- 
RECOMMENDED INSULATION R VALUES lions'af tiny air Pokol a 

; n ; E EN reduce heat flow through the 

EAT l ae material. The more air bubbles 
JRC per inch of thickness, the higher 
its resistance to heat flow. 

The four basic forms of insula- 
tion are loose fill, blanket and 
batt, foamed-in-place, and rigid 
foam insulation. 


R-49  R-38 R-18 R-25 R-19 R-8 R-11 
R-19 


* R-18, R-22, and R-28 exterior wall systems can be achieved by either cavity insulation or cavity insulation with 
insulating sheathing. For 2 x 4 walls, use 372” thick R-15 or 312" thick R-13 fiberglass insulation with insulating 
sheathing. For 2 x 6 walls, use 514" thick R-21 or 64" thick R-19 fiberglass insulation. 

T insulate crawl space wall only íf the crawl space ís dry all year, the floor above is not insulated, and all ventilation to 
the crawl space is blocked. A vapor retarder (e.g., 4 or 6 mil polyethylene film) should be installed on the ground to 
reduce moisture migration into the craw! space. 

T No slab edge insulatíon is recommended. 


Lightly press blanket or batt insulation 
Figure 52-2. Insulation R values are based on the climatic conditions of the area. Note into place, allowing friction to hold it 
the difference between the recommended R values for western and northeastern areas. in place. 
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R VALUES OF COMMON INSULATION MATERIALS 


Loose Fill £t 
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| Mineral fibe (rock, slag, o or gass) 
Cellulose. . 


 Vermiculite. 
Flexible 


ecc EE 


M eral woo! pans 3.10-3.70 — 
2.68. 

KO polystyrene (extruded) _ . $00 

_ Expanded polystyrene. (molded ue $57 5 

_ Expanded Polyurethane .. EE 

Mineral fiberboard _ 3 3.45 

_ Polyisocyanurate. 7.20 

Reflective 

Al luminum. doilt. 3.48. 
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Figure 52-3. Various insulation materials provide differing R values. 


THICKNESS* OF INSULATION TO 
ACHIEVE VARIOUS R VALUES 
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* in in. 
Figure 52-4. Increased insulation thicknesses provide greater R values. For example, 3.5" 


of fiberglass insulation has an R value of 11. 


The more frequently used loose 
fill materials are rock wool, fiber- 


Loose Fill Insulation 


Loose fill insulation is poured 
directly from a bag or blown in 
place with a pressurized hose. 
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glass, and cellulose. Some types of 
loose fill insulation are produced 
from recycled materials. 


Loose fill insulation is often 
placed in attics by depositing 
it between ceiling joists. See 
Figure 52-5. The insulation is 
placed directly on top ofthe ceil- 
ing below in a uniformly thick 
layer. A rake constructed from 
plywood is useful in spreading 
an even layer of insulation. See 
Figure 52-6. Clearances around 
electrical fixtures in the attic 
ceiling must be maintained. 


—————À3 
SIM C C7: 9, te rd 
1 ification M C7, Ser Fiber 
{W Base) L oose- ill Therm j. 
«ia ion, covers the composition 


and physical requirements of 2 
| “chemical recycled | 


| - cellulos loose fill insulation for > 
Lj use i in attics or enclosed spaces 

f in housing and other famed 1 
buildings. The specification. 
pertains to structures within 1 cm 


| m o 18b Ti d range. of 


y m meat 


Loose fill insulation can also 
be blown or packed into exte- 
rior walls of older buildings that 
were not insulated when origi- 
nally constructed. Holes are cut 
between studs at the top of the 
exterior walls using a hole saw. 
Insulation is blown into the wall 
cavity until the insulation begins 
to back up out of the hole. See 
Figure 52-7. The holes are then 
sealed with the plugs that were 
removed when cutting the holes. 
If the building was built before 
the mid-1900s or if the walls are 
over 8' tall, fire blocking may be 
installed between the studs. In 
this situation, a second hole is 
cut beneath the blocking and the 
process is repeated. 

Blown-in-blanket insulation 
is a type of loose fill insulation 
used for new construction. A 
retention fabric made of spun 
polypropylene is fastened to 
wall studs using adhesive or 
staples before gypsum board or 


is amm or poled in. à 


other interior wall covering is 
applied. A small opening is made 
in the fabric and loose fill fiber- 
glass insulation is blown into the 
wall cavity. See Figure 52-8. The 
insulation should bulge approxi- 
mately 12” to 1" past the studs to 
ensure proper insulation density 
(1.8 to 2.5 lb/cu ft minimum). 
Where required, a vapor barrier is 
installed over the fabric and inte- 
rior wall covering is applied. 


Blanket and Batt 
Insulation 


Blanket and batt insulation is 
the material most widely used 
to insulate walls, floors, ceil- 
ings, and attics. Blanket and 
batt insulation is usually made 
from fiberglass or rock wool that 
is fire-, moisture-, and vermin- 
resistant. 

Blankets and batts are similar 
in composition and appearance 
but differ in length. Batts are usu- 
ally 48" long, whereas blankets 
are longer and are available in 
rolls. See Figure 52-9. Blankets 
and batts are available in widths 
suitable for 16" OC and 24" OC 
stud and joist spacing. Insulation 
thicknesses used in walls, floors, 
and ceilings range from 3" to 7" 
or more. More than one layer of 
blanket insulation may be used 
to increase the R value. 

Blanket and batt insulation is 
available with faced or unfaced 
surfaces. Faced insulation has 
a specially treated paper or 
aluminum-foil vapor barrier 
on one side. Flanges extending 
from both edges of the vapor 
barrier are stapled to joists and 
studs. Unfaced blanket and batt 
insulation does not have a vapor 
barrier and relies on friction to 
hold it in place. Some types of 
blanket and batt insulation are 
available with a covering to 
protect the hands of an installer 
from irritation when handling 
the material. 


Ce Teed Coopmans 
Figure 52-5. A pressurized hose is used to blow loose fill insulation between the ceiling 
joists. 


LOOSE FILL 
INSULATION 


A ij i 
AIR 
LJ 


PLYWOOD 


Compressing thick fiberglass 
insulation into a smaller wall 
space will not increase the 
insulation efficiency. Fiberglass 
insulation works on the principle 
of trapped air pockets. By 
compressing fiberglass insulation, 
the amount of air trapped in 

the material is reduced. R-15 
fiberglass insulation provides 
better performance in 2 x 4 
walls. R-21 fiberglass insulation 
works best in 2 x 6 walls. 


JOIST FINISH 


CEILING 


JOIST 


Figure 52-6. A plywood rake is convenient 
to spread and level off loose fill insulation 
between ceiling joists. 
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Figure 52-7. Loose fill insulation can be blown between the studs into wall cavities. 
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ppro' for use in the 
dore Blanket" System 


Approved for ust in the 
Blow-ta Blanket System 


Certainfeed 


Approved for use in 
Biow-tn-Blanket® By Ed 


| Certa ed Carparation 
Figure 52-8. In the blown-in-blanket system, loose fill insulation is blown into a bag made 
of retention fabric, which has been fastened to the studs. 


Applying Blanket and Batt 
Insulation. General techniques 
for installing blanket and batt 
insulation are as follows, and 
are shown in Figure 52-10: 


* Apply faced insulation with 
the vapor barrier toward the 
interior of the building. 

* Always place insulation on 
the exterior side of pipes or 
ducts to protect them from 
freezing. 


Figure 52-9. Flexible batt and blanket 
insulation differ only in length. 


"m 


d Corporation 


Blown-in blanket insulation may be used to insulate ceilings. 
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* Pack insulation into voids 
or other open spaces around 
window and door openings. 

* Do not compress blankets 
and batts when installing 
them. Rather, lightly press 
the insulation into place, 
allowing friction to hold it 
in place. 
Secure faced insulation in 
place by stapling the flanges 
to the edges of the studs, 
joists, or rafters. 
Unfaced insulation should 
be wedged between studs 
Or joists. 
* For maximum efficiency, 
use double back insulation 
at the ends. Place insulation 
in the attic so it does not in- 
terfere with airflow through 
the vents and prevent proper 
air circulation in the attic. 
Do not place a vapor bar- 
rier between two pieces of 
insulation as this can lead 
to condensation and low- 
er the effectiveness of the 
insulation. 

* Tears or punctures in the 
vapor barrier or insulation 
should be repaired. 


Foamed-in-Place 
Insulation 


Foamed-in-place insulation is 
a chemical foam that is poured 
or sprayed into wall cavities. 
The foam then expands and 
completely fills the cavity. Some 
foamed-in-place products are 
sprayed on the inside surface of 
an open wall. See Figure 52-11. 
The foam expands and the ex- 
cess is trimmed away with long 
blades. Chemical foam has a very 
high R value and is particularly 
well suited for insulating older 
buildings that were not insulated 
when originally constructed. 


Applying Blanket or Batt Insulation 
Figure 52-10 Wt | 
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toward interior of building and outside and door openings and cover with vapor 
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ATTIC 
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DOUBLED BACK 
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INSULATION 


INSULATION 
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j p ; | 
Provide unrestricted air passage for proper 
air circulation in attic. 


Double-back bolle of insulation at m 


Wedge unfaced insulation between joists. 


Figure 52-10. Blanket and batt insulation must be properly installed for maximum energy savings. 


Before foam is sprayed into 
a wood-framed wall cavity of 
an older building, a course 
of shingles or siding near the 
top and bottom of the wall is 
removed. Small holes are then 
drilled through the sheathing 
and between the studs. The foam 
is sprayed in with a pressurized 
air hose. The holes are plugged 
after the foam is in place. Foam 
can also be sprayed into the 
cavities of masonry walls if in- 
dividual blocks are removed and 
then replaced. 


la thermal bre ak | is reated by. 
p foam insulation eon 


tween the studs and cold s side. 
25x of the overall R value 
“be outside the steel fram 


of the building envelope. Aras 


Icynene, inc. 


Figure 52-11. A thin layer of foamed-in-place insulation is sprayed on a surface. The 
foam then expands to fill the wall cavity. 
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CertainTeed Carporation 


Fiberglass metal building insulation is flexible, unfaced, blanket insulation, which is 
primarily used in exterior walls and under standing-seam roofs. A vapor barrier appro- 
priate for the particular job is laminated to the insulation. 


Rigid Foam Insulation 


Rigid foam insulation consists 
of polyurethane and polysty- 
rene foam or fiberglass strands 
pressed into panels. Rigid foam 
insulation has a higher R value 
per inch of thickness than 
any other type of insulation. 
Rigid foam insulation panels 
contribute to the structural 
support of a building despite 
their light weight. Rigid foam 
insulation is usually applied 


on the exterior of a building, 
and is widely used on new 
construction and when retro- 
fitting existing residential and 
commercial buildings. 

Rigid foam insulation is avail- 
able in faced and unfaced 
panels. Faced rigid insula- 
tion panels have a reflective 
material covering that acts as 
a vapor barrier. Unfaced rigid 


insulation requires the use of 


a separate vapor barrier when 


installed. Common panel di- 
mensions are 4’ x 4’ and 4' x8’, 
with thicknesses ranging from 
1" to 4". Other panel sizes and 
thicknesses are also available 
from manufacturers. 


Rigid Foam Insulation for 
Foundations. Most heat loss 
through concrete and masonry 
basement walls occurs where 
the walls are exposed to cold air 
above grade, and where frozen 
ground may contact the walls 
below grade. In full-basement 
and crawl-space foundations, 
heat loss begins through the floor 
joists and continues through the 
foundation walls. Slab-at-grade 
floors lose a considerable amount 
of heat through the exposed slab 
edge and through the soil be- 
neath the slab. See Figure 52-12. 
Heat loss can be substantially 
reduced by installing 2" to 4" of 
rigid foam insulation. 


JU MMC: 
TEPER 


~ Some types of rigid foam- 

"| insulation have integral grooves 
-in their faces to direct rainwater 
... away from the foundation... 


Heat Loss through Foundations - 


Figure 52-12 


FULL BASEMENT 


CRAWL SPACE 


SLAB-AT-GRADE 


Figure 52-12. Heat loss occurs through full-basement, crawl-space, and slab-at 
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-grade foundations. 


Rigid foam insulation can be 
applied to the exterior or interior 
of full-basement and crawl-space 
foundations. See Figure 52-13. 
Both application methods are 
equally effective in reducing heat 
flowto the outside ofthe building. 
However, the exterior application 
is used more often. In addition 
to insulating the walls, exterior 
application of rigid foam insula- 
tion panels offers the following 
advantages: 


* ease of insulating and seal- 
ing areas where the founda- 
tion wall and floor meet 

* less possibility for soil freez- 
ing to the surface of the 
foundation and lifting it 

* protection of the foundation 
wall, reducing therisk of con- 
densation inside the wall CertainTeed Corporation 


* fewer problems with water Rigid insulation panels are available unfaced, or with a white kraft-scrim-foil or foil- 
seepage scrim-kraft facing. 


Rigid Foam Insulation for Basement Foundations 
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Figure 52-13. Rigid foam insulation can be applied to the exterior or interior of concrete foundation walls. 
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Attaching Rigid Foam Insula- 
tion to Foundations. Mechani- 
cal fasteners, powder-actuated 
fasteners, and/or adhesives are 
used to fasten rigid foam insula- LOSS EXTEHIUÉ 
tion panels to foundation walls. Wand WALL STUD 
Panels are butted together along f 3 
the walls and the joint is sealed | L7 NN 
with fiberglass tape. Panels at K SIDING Say SHEATHING 
the corners are overlapped and | “om A 

butted together. The corner 
joints are also sealed with fiber- 
glass tape. 

Self-tapping screws or bolts 
with washers are spaced 24” 
OC vertically and horizontally. 
Adhesive is applied to the back / B 
of the insulation panel to secure $ N E 
the panel in position while the . WASHERS 24" OC 
mechanical fastener is driven | 
in. Screw or bolt heads must be 
recessed into the panel when dri- 
ven to allow the exterior finish 
material to be properly applied. 


HOUSEWRAP 


ja eem mic mec 


5eeFigure52-14.Fiberglasstape | b E X ADHESIVE/APRUIED 1 
should be applied over fastener | _ FIBERGLASS - EM ON se sited Li 
i | TAPE APPLIED ge : | 
heads to seal the insulation. | i OVER SCREWS - RIGID FOAM 
Adhesive should be applied | i | INSULATION 


per manufacturer recommen- 
dations. A few mechanical 


fasteners may be used to secure £ pe 7 ! 

h j m Webs Figure 52-14. Metal fasteners may be used to attach rigid foam insulation to concrete 
the pane s to the wall while the walls. Note the metal channel cap at the top of the insulation to prevent water from 
adhesive sets. getting behind the insulation. 


Rigid foam insulation must 
be protected above ground from 
the sun and physical damage. 
Ultraviolet light from the sun 
degrades the insulation value of 
rigid foam insulation. Contact 
with sharp objects can tear the 
surface of insulation panels. 
Various coverings can be used 
to protect the surface, including 
stucco or other cementitious 
products, cement board, and 
fiberglass panels. 

Slab-at-grade foundations are 
insulated by placing rigid foam 
insulation panels along the out- 
side of the foundation wall or 


For this slab-at-grade foundation, rigid foam insulation is placed at the exterior of the between the footing and the slab. 
foundation and below the edges of the slab. See Figure 52-15. 
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Rigid Foam Insulation for Slab-at-Grade Foundations 
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Figure 52-15. Fora slab-at-grade foundation, rigid foam insulation is placed along the outside ofthe foundation wall or sites beneath 
and between the wall and slab. 
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Rigid Foam Insulation for 
Wood-Framed Walls. In resi- 
dential construction, 1⁄2” to 1” 
rigid foam insulation panels 
are attached to the outside of 
exterior walls. Since blanket 
and batt insulation is installed 
between wall studs, rigid foam 
insulation increases the total 
R value of the walls. Lateral 
structural stability is provided 
by metal diagonal or wood let-in 
braces; therefore, panel sheath- 
ing is not required. Finish board 
or panel siding is installed over 
the rigid insulation. If brick or | 


other masonry veneer is used i f n. 

to finish the walls, additional 1 | 

insulation is provided by a 1" air : . ! — MÀ Ü 
Space between the masonry and Insulating concrete forms (ICFs) provide insulation along the exterior and Eon. 
insulation. See Figure 52-16. of this foundation and slab form. 
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EXTERIOR INSULATION 
AND FINISH SYSTEMS 
(EIFS) 


Exterior insulation and finish 
systems (EIFS) are a highly ef- 
fective multilayer insulating wall 
system that continues to gain 
wider acceptance in commercial 
and residential construction. 
EIFS require an underlying wood 
panel sheathing. Polystyrene or 
polyisocyanurate foam insula- 
tion panels are fastened to the 
substrate using an approved 
adhesive and/or mechanical 
fasteners. A base and finish coat 
of an acrylic copolymer is then 
applied to the surface, provid- 
ing a waterproof, colorfast, and 
crack-resistant finish. See Figure 
52-17. The general application of 
EIFS is as follows: 


1. Secure rigid foam insulation 
to the substrate with an ap- 
proved adhesive. Screws and 
washers, or nails with wide, 
flat heads are also used. For 
best results when nailing, use 
annular ring shank nails. 
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Figure 52-16. Rigid foam insulation is often placed behind siding or masonry veneer. 


2. Install metal flashing and 
sealant where required 
around all door and win- 
dow openings and at the 
junction of the top of the 
wall and the roof soffits. 

3. Apply a base coat of the 
acrylic copolymer. Embed 
reinforcing mesh in the 
base coat. 

4. Apply a finish coat after the 
base coat has properly set. 


ROOF INSULATION 


Approximately 4096 of the heat 
loss from a building can occur 
through the roof. Roof insula- 
tion can reduce the heat loss. 
When there is adequate work- 
ing space in an attic, blanket 
insulation can be installed 
between the rafters, or rigid 
foam insulation can be fastened 
to the underside of the rafters. 
For low-pitch and flat roofs, 
rigid foam insulation is usually 


applied to the upper surface of 


the rafters. 


Rigid Roof Insulation 
Materials 


Rigid foam insulation for roofs is 
available in 4' x 4' or 4' x 8' panels 
with thicknesses ranging from 1" 
to 3”. A variety of materials are 
available as rigid roof insulation, 
including the following: 


* Cellular glass consists of heat- 
fused closed glass cells. Cel- 
lular glass has an R value of 
2.86 per inch of thickness. 
Mineral fiberis manufactured 
using rock, glass, or slag. Min- 
eral fiber has an R value of 4 
per inch of thickness. 
Perlite is composed of ex- 
panded volcanic minerals 
combined with organic fi- 
bers and binders. Perlite has 
an R value of 2.78 per inch 
of thickness. 
Polyisocyanurate is a closed- 
cell material typically 
sandwiched between as- 
phalt-saturated felt or glass 
fiber facing. R values vary 
depending on the material 
used for the facing. 
Polystyrene insulation used 
in its expanded (EPS) or ex- 
truded (XPX) form. R values 
vary. 

Wood fiber insulation is 
manufactured from wood or 
cane fibers, and is combined 
with various binders. Its 
common R value is 2.78 per 
inch of thickness. 


Rigid Roof Insulation 
Systems 


Rigid roof insulation can be 
used for low-pitched roofs or 
flat roofs. Rigid insulation for 
pitched roofs is finished with 
shingles or tile. Rigid insulation 
for flat roofs is finished with 
single-ply membranes or roofing 
felt and bitumen. 


| Figure 52-17 
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Figure 52-17. Exterior insulation and finish systems (EIFS) provide an excellent water- 
proof insulation system. 


Even though the same type 
of rigid roof insulation panels 
are applied to pitched and flat 
roofs, there may be variations 
in application and installation 
procedures. Therefore, be sure to 
follow manufacturer instructions 
when installing the insulation. 


Pitched Roofs. In one method, 
rigid foam insulation is fas- 
tened to the upper edges of the 
rafters. See Figure 52-18. (The 
insulation may also be cut to fit 
between the upper edges of the 
rafters.) When applying roofing 
tiles, counter battens and tiling 
battens are installed and roofing 
felt is applied. 

In another system, the rigid 
foam insulation is attached with 
metal fasteners or adhesive to 
the roof sheathing. Oriented 
strand board or plywood cover 
boards are installed on top of 
the rigid foam insulation. Roof- 
ing felt is then placed over the 
cover boards and the shingles or 
shakes are nailed in place. See 
Figure 52-19. 
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Figure 52-18. Rigid foam insulation is ap- 
plied to the upper surfaces of the rafters. 
Tiling and counter battens and roofing felt 
are installed prior to installing roofing tile. 
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Figure 52-19. Shingles or shakes can be 
directly fastened to the cover board. 


Single-Ply Flat Roofs. Single- 
ply and built-up roofing systems 
are the two most frequently used 
flat roof covering systems. For 
both systems, vapor barriers are 
laid down and rigid foam insu- 
lation is attached to the OSB or 
plywood sheathing and then 
protected by cover boards. 

Single-ply membranes are made 
of flexible sheets of combined syn- 
thetic plastic materials. They are 
attached to wood and steel decks 
with fasteners. Specified adhe- 
sives may also be used to attach 
the membranes to wood decks. 

Built-up roofing consists of lay- 
ers (plies) of roofing felt bonded 
together on the job site with hot 
bitumen. The final layer is cov- 
ered with a layer of light-colored 
(commonly white) pebbles to 
help reflect heat from the sun. 
Roofing felt consists of organic 
or inorganic fibers saturated with 
bitumen. Bitumen is derived 
from asphalt or coal-tar pitch 
combined with other elements. 

Flat roofs must always have 
some slope to prevent the ac- 
cumulation of water (ponding) 
and direct water to the gutters 
and downspouts. This can be ac- 
complished by installing sloped 
insulation on the roof sheathing. 
The recommended slope is 1⁄4” 
per foot. See Figure 52-20. 


HEAT LOSS THROUGH 
DOORS AND WINDOWS 


In a typical house, more heat is 
lost through windows and exte- 
rior doors than through any other 
part ofthe building. Studies con- 
ducted by the U.S. Department of 
Housing and Urban Development 
show that, in many areas of the 
country, 7096 ofthe total heating 
load is used to replace heat lost 
through doors and windows. 

Most heat loss occurs as a re- 
sult of infiltration, which is air 
leakage through cracks around 
window and door frames. Heat 
loss is also due to heat transmis- 
sion (transfer) through the door 
or window material. 
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Figure 52-20. Rigid foam insulation is installed below the roofing felt plies of a built-up 
roof. The insulation may be tapered to provide a sloped roof. 


Fixed windows have the small- 
est amount of infiltration since the 
frames are sealed. Casement win- 
dows that can be tightly shut with 
compressive weatherstripping al- 
low less heat infiltration than other 
types of operable windows. 

In older homes, storm windows 
can be installed to reduce air 
infiltration. Storm windows are 
fastened to the outside of the 
window frame. 


Preventing Infiltration 


Most heat loss caused by infiltration 
can be eliminated by sealing cracks 
around door jambs and window 
frames. Caulking, weather-strip- 
ping, and installing thresholds 
under the doors are three ways of 
preventing air infiltration. 


Caulking. The best method for 
sealing cracks between a door 
jamb or window frame and the 
exterior wall is caulking. Caulk is a 
composite material that is avail- 
able in cartridge-type tubes and 
is applied with a caulking gun. 
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See Figure 52-21. Be sure to se- 
lect the appropriate type of caulk 
for the job. Silicone caulk can- 
not be painted; latex and acrylic 
caulks readily accept paint. 


Weatherstripping. Weather- 
stripping materials are used to 
prevent air infiltration between 
a door or window and its frame. 
Common types of weather- 
stripping are adhesive-backed 


Figure 52-21. A caulking gun with car- 
tridge is used to apply caulk between a 
window frame and concrete block wall. 


foam rubber, wood-backed foam 
rubber, rolled vinyl, and V-strip. 
Figure 52-22 shows each type 
and explains its applications. 


Sealing Door Bottoms. The space 
at the bottom ofa door is a source 
of air infiltration. Figure 52-23 
shows how the space can be 
sealed with a sweep, interlocking 
threshold, vinyl bulb threshold, 
or automatic sweep. 
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Adhesive-backed 
foam rubber strip 
can be applied 
wherever there is 
no friction, such as 
at top and bottom 
of window frames. 


Wood-backed foam 
rubber strip is used 
effectively only on 
doors. 


Rolled vinyl is 
applied to exteriors 
of double-hung, 
sliding, and 
casement windows 
as well as doors. 


V-strip is flexible 
metal strip forced to 
fit tightly between the 
door and jamb when 
the door is closed. 


Figure 52-22. Different types of weatherstripping may be used around doors and 


windows. 


Insulated Doors and 
Storm Doors 


Both wood and metal-clad 
entry doors are available with 
plastic foam cores that allow 
very little heat transmission. 
See Figure 52-24. 


Sealing Door Bottoms 
Figure 5223. | |) 
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Figure 52-23. Door bottoms must be sealed to prevent air infiltration. 
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Figure 52-24. A steel-clad, foam-insulated exterior door allows little heat transmission. Note the weatherstripping and threshold that 
have been installed. 
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Heat transmission is also re- 
duced by a storm door. A storm 
door is an additional wood or 
metal door hung on the outside 
of the door frame. Many storm 
doors have interchangeable 
glass and screen panels. See 
Figure 52-25. The glass panel 
is installed during colder tem- 
peratures and the screen panel 
is installed during warmer tem- 
peratures for increased airflow. 


Multiple-Pane Windows 


Glass is a poor insulator. There- 
fore, windows can be the greatest 
source of heat loss during the 
winter and heat gain during the 
summer. Studies have shown 
that 1 sq ft of 1⁄4” clear glass 
conducts 6 to 10 times more Btu 
per hour than 1 sq ft of a wood- 
framed wall. 


Figure 52-25. Storm doors are hung on the 
outside of the door frame. The glass pane 
can be replaced with a screen for airflow 
in warmer months. 
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An effective way to increase U 
value is to use multiple panes of 
glass. A single-pane window has 
a thermal resistance (U value) 
of 1. Double-glazed windows, 
constructed with two panes of 
glass separated by a half-inch of 
air space, have an U value of 2 
since they are twice as resistant 
to heat loss. Windows installed 
in colder climates should be at 
least double-glazed. See Figure 
52-26. Some window styles are 
available as triple-glazed. 


Marvin Windows and Doors 


Figure 52-26. This double-glazed window 
has special ¥2” sealed insulated glass and an 
air space to provide a highly insulated unit. 


Gas-Filled Windows. Gas-filled 
windows further increase the U 
value of multiple-pane windows. 
Gas-filled windows are three to 
four times more energy efficient 
than standard multiple-pane 
windows. See Figure 52-27. The 
key components of gas-filled 
windows are as follows: 

* Double- or triple-glazed win- 
dows provide a sealed space 
between the panes. 

* A low-emittance (low-E) 
coating is applied to the 
glass to reduce the passage 
of heat and ultraviolet rays 
through the windows. 

* Argon, krypton, or xenon 
gas is introduced between 
the panes of glass and then 
sealed off. The gas mini- 
mizes convection currents 
and reduces overall heat 


transfer through the window 
unit. In addition, less solar 
radiation is allowed through 
the windows in hot climates, 
while a higher interior tem- 
perature is maintained in 
cold climates. The higher 
interior temperature of the 
glass surface also helps to 
reduce condensation. 
Vinyl-clad or fiberglass win- 
dow frames and dividers 
provide good insulation qual- 
ities around the glass. Metal 
frames should not be used 
with gas-filled windows. 
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Figure 52-27. Gas-filled windows have 
greater U values than traditional multiple- 
pane windows. 


BUILDING SYSTEMS FOR 
IMPROVED INSULATION 


Building design and construction 
methods are continually being 
modified for energy efficiency. 
One significant improvement 
is the use of 2 x 6s instead of 
2 x 4s for exterior wall framing. 
In the past, 2 x 4s were used for 
framing exterior walls in most 
one-story residential construc- 
tion. The2x6 lumber allows the 
use of thicker insulation materi- 
als with higher R values inside 
the walls. Figure 52-28 shows 
a cross-section of an energy- 
efficient house utilizing thicker 
exterior walls and other energy- 
saving methods. 


moscada Features of Energy-Efficient Homes 
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Figure 52-28. Energy efficiency is gained by using a variety of insulation techniques and materials. 
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oise disturbance can be 
a serious problem in 


and relaxation at home and 
contribute to inefficiency and 
fatigue at work. Constant ex- 
posure to extremely high noise 
levels can cause ear injury and 
hearing loss. 


Noise problems can be reduced 
through the use of insulation 
materials and special sound- 
reducing construction methods 
for walls and ceilings. Many 
materials used for sound in- 
sulation are similar to materials 
used for thermal insulation. 


SOUND TRANSMISSION 
AND SOUND LEVELS 


Sound travels in different ways 
and at various levels. These 
factors must be considered in 
designing an effective sound 
control system. 


Airborne Sound 
Transmission 


Airborne noise, such as speech or 
music, is transmitted through the 
air as pressure waves that strike 
against a wall surface. The sound 


530 


homes and offices. High. 
noise levels interfere with rest- 


Sound 


Control 


is then conducted through the air 
in the wall cavity to the opposite 
wall surface, causing it to vibrate 
and transmit the sound to the ad- 
joining room. See Figure 53-1. Air- 
borne noise travels through floors 
and ceilings in the same way that 
it travels through walls. 


SECOND 
WALL 
SURFACE 


Sound waves strike first wall 
surface, making it vibrate. 


(2) Sound waves pass through wall 
cavity and strike second wall 
surface. 


© Second wall surface vibrates and 
transmits sound into adjoining 
room. 


Figure 53-1. Airborne sound transmission 
is conducted through the air as pressure 


WAVES. 


Resistance of a wall, floor, or 
ceiling system to airborne sound 
transmission is indicated by its 
sound transmission coefficient 
(STC). See Figure 53-2. A high 
STC number indicates more 
resistance than a low number. 
Model building codes specify 
the minimum acceptable STC 
rating for multifamily dwellings 
and public buildings. Acceptable 
STC ratings range from approxi- 
mately 39 to 65. 


STC RATINGS 
AND DESCRIPTIONS 


25 Normal speech understand 
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40 > Loud speech audible as ^ 


ag a | murmur 

45 Must strain to heat loud 
4.4.5" Speed 

48 ‘Some loud speec T ve 


audible " ; e 
50 Loud speech n not audible * k 
Figure 53-2. In sound transmission coeffi- 


cient (STC) ratings, the higher the number, 
the better the sound resistance. 


Structure-Borne Sound 
Transmission 


Structure-borne sound transmis- 
sion is produced when a part 
of a building, such as the floor, 
is set into vibration by a direct 
impact. Walking on the floor 
or dropping objects on it, and 
striking the surface of a wall or 
ceiling are examples of the way 
structure-borne sound transmis- 
sion is produced by impact. See 
Figure 53-3. 


FINISH 
CEILING 
MATERIAL 


Floor is set into sound vibration 
by direct impact. 


Reduced sound waves pass 
through floor cavity and strike 
ceiling material below. 


Ceiling material surface vibrates 
and transmits sound into room 
below. 


Figure 53-3. Impact produces structure- 
borne sound transmission. 


Resistance of any part of the 
building structure to structure- 
borne sound transmission is in- 
dicated by its impact insulation 
class (IIC) rating. A high number 
indicates more resistance to 
sound transmission than a low 
number. An IIC rating of 55 is 
required for good control of 
impact noise. A rating of 60 or 
more is required for maximum 
privacy. A rating of less than 50 
is considered unacceptable for 
sound control. 


Structure-borne transmission 
is also caused by appliances 
such as vacuum cleaners, clothes 
washers and dryers, food waste 
disposers, fans, and compressors, 
and by pipes and ducts. 


Sound Levels 


Sound intensity is expressed 
in decibels (dB). One decibel is 
equal to the smallest change in 
sound intensity that can be de- 
tected by the average human ear. 
Figure 53-4 shows a decibel scale 
ranging from 0 to 140. 


SOUND CONTROL FOR 
WALLS 


A typical interior wood stud 
wall, with a single layer of 1⁄2” 
gypsum board (drywall) on each 
side, has an STC rating of 34. 
See Figure 53-5. According to 
the chart in Figure 53-2, this 
type of wall is effective against 
quiet conversation on the other 
side of the wall, but not against 
loud speech. 


Three methods of reducing 
sound transmission are to pro- 
vide cavity absorption, to in- 
crease mass, and to break the 
sound vibration path. Best results 
are obtained when the methods 
are combined. Staggered-stud or 
double-stud walls also reduce 
sound transmission. 


v2" GYPSUM BOARD 
2x4WALL 


w^" GYPSUM 
BOARD 


STC 34 RATING 


Figure 53-5. A single wood-framed wall 
with a single layer of V" gypsum board on 
each side and no insulation between the 
studs has an STC rating of 34. 
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Figure 53-4. Sound intensity is expressed in decibels. 
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CertainTeed Corporation 


Insulotion is ploced in the wolls between rooms to reduce sound tronsmission through 
the wolls. The insulotion moy be friction-fit or stopled in ploce. 


Cavity Absorption 


One method to reduce sound 
transmission through a wall 
is to fill the wall cavity with 
sound-absorbing materials such 
as fiberglass insulation. The STC 
rating of a single wood-framed 
wall with %” gypsum board on 
each side can be increased from 
34 to 39 by placing one thickness 
of insulation material between 
the studs. See Figure 53-6. 


Ya" GYPSUM BOARD 


2x4 WALL 
STUDS 


Ya" GYPSUM 
BOARD 


SINGLE THICKNESS OF 
R-11 INSULATION 


STC 39 RATING 


Figure 53-6. The STC roting of o single 
wood-fromed woll with V&" gypsum boord 
on eoch side is increased from 34 to 39 by 
plocing a single thickness of R-11 insulo- 
tion between the studs. 
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Increasing Mass 


Heavy materials block sound 
better than light materials. 
Adding another layer of gyp- 
sum board to one or both sides 
ofa partition increases its mass, 
thus increasing the STC rating. 
Doubling gypsum board on one 


side increases the STC rating of 


a single wood-framed wall with 
one thickness of insulation ma- 
terial from 39 to 40; doubling 


_Doubling Wallboard — 
Figure 53-7 "NAT NH | 
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"WALL STUDS 


SINGLE LAYER 
OF %” GYPSUM 


gypsum board on both sides 
provides an STC rating of 45. See 
Figure 53-7. 


Breaking Vibration Path 


Most sounds traveling through 
walls are a result of vibrations 
transmitted from one face of 
the wall to the other through 
structural members such as wall 
studs. Metal is more resilient in 
relation to sound transmission 
than wood. Therefore, walls 
constructed with metal studs 
transmit more sound vibration 
than wood-framed walls. 

An effective way of improving 
the STC rating of wood stud walls 
is to place a metal resilient chan- 
nel between the gypsum board 
and the studs to break the vibra- 
tion path. A single wood-framed 
wall with one thickness of R-11 
insulation material between the 
studs, double layers of gypsum 
board on both sides, and a metal 
resilient channel has an STC rat- 
ing of 56. See Figure 53-8. 
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helps to reduce sound deflection. 
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Figure 53-7. Doubling the layer of gypsum boord on one side increoses the STC roting 
of o single wood-fromed woll with o single thickness of R-11 insulotion from 39 to 40. 
Doubling the gypsum boord on both sides provides an STC roting of 45. 


Installing Resilient Metal Channel 
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Figure 53-8. The STC rating of a wood-framed wall can be further increased by placing a resilient channel on one side of the wall. 


Staggered-Stud and staggered-stud wall has an STC have been developed. See Fig- 
Double-Stud Walls rating of 55 and a double-stud ure 53-11. They all require car- 
In a staggered-stud system, 2 x 6 wall has an STC rating of 63. pets and pads over the subfloor. 


bottom and top plates are used Mineral insulation is placed 
with 2 x 4 wall studs. See Fig- FLOOR/CEILING SOUND between the joists. The ceiling 


ure 53-9. In the double-stud sys- CONTROL below consists of gypsum board 
tem, two separate wood-framed One of the most disturbing fastened to resilient channels. 
walls are built with a space be- household noises is footsteps 

tween them for insulation. See and vibrations from the floor 


Figure 53-10. With insulation above. Overhead sounds are also s% “ rs with : 
material between the studs and more difficult than other sounds 
double layers of gypsum board to eliminate. Several floor/ceil- 
on both sides of the wall, a ing sound control methods 
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Figure 53-9. A staggered-stud wall combined with insulation is another effective method of sound control. 
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Figure 53-10  — / | NM 
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Installing Insulation in Double Wood Stud Walls 
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Figure 53-10. A double wood-framed wall with R-11 insulation between the studs and a double layer of gypsum board on both sides 
provides extremely effective sound control (STC rating of 63). 


Floor/Ceiling Systems 
Figure 53-11 " 
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Figure 53-11. Effective floor/ceiling noise control systems combine the use 


materials. 


SOUND CONTROL BY 
BUILDING DESIGN AND 


CONSTRUCTION PRACTICES 


The locations of doors and win- 
dows in a building are important 
to sound control. When possible, 
windows should not face noisy 
areas and should be separated to 
reduce cross talk. Door openings on 
opposite sides ofa hallway should 
be staggered. See Figure 53-12. 
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Acoustic windows may be 
installed to minimize the pen- 
etration of exterior noise into a 
building. Acoustic windows are 
triple-pane windows with the 
inner layer made of laminated 
glass. Laminated glass is a spe- 
cialty glass produced by placing 
a sheet of polyvinyl butyral (PVB) 
between two thin sheets of glass 
and subjecting the composition 
to intense heat and pressure to 


U yen Z 


RESILIENT 
CHANNEL 


ia STEEL 


FLOOR JOISTS 
24" OC 


56" GYPSUM 
BOARD 


STC 56 RATING 


ofcarpets and pads, resilient channels, and other sound-absorbing 


become a single pane of glass. 
The PVB layer provides a greater 
sound insulation rating than tra- 
ditional glass. 

The noise reduction gained 
by an acoustic window depends 
on the window's mass, area, and 
air tightness. In general, thicker 
glass and more panes of glass in 
a window unit will reduce the 
amount of sound transmission. 
The amount of space between 


the individual glass panes in 
a window unit also affects the 
sound transmission; greater space 
equals greater noise reduction. 


STAGGERED Ww 
HALLWAY, DOORS 


BEDROOM 


Figure 53-12. Doors opening on opposite 
sides of a hallway should be staggered 
whenever possible. 


Precautions should be taken 
in construction to reduce sound 
transmission. For example, walls 
that butt against each other or 
against floors and ceilings should 
be properly sealed. A nonhard- 
ening, permanent resilient caulk, 
such as butyl-rubber-based com- 
pound, is recommended for both 
sides of a partition at the top and 
bottom plates. Joint compound 
and tape applied on multiple- 
layered and staggered wallboard 
is also an effective seal. 

The use of insulated glass in 
windows and proper weather- 
stripping around windows and 
doors helps reduce transmission 
of outside sound into the build- 
ing. Solid wood or foam-core 
metal doors should be used. Slid- 
ing doors should be avoided. 

Proper sealing around electri- 
cal and plumbing installations 
is also important to sound con- 
trol. Cut tight-fitting holes for elec- 
trical boxes, and apply resilient 
caulk around the outlets before 
the plates are installed. See Fig- 
ure 53-13. Donotplace light switch- 
es or outlets back to back. Seal 
around surface-mounted ceiling 
fixtures in gypsum board to make 
them airtight. See Figure 53-14. 
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Figure 53-13. Cut holes for electrical outlets neatly to reduce noise leaks. Place resilient 
caulk around the outlets before installing cover plates. 
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Figure 53-14. Openings around surface- 
mounted ceiling fixtures should be sealed 
to make them airtight. 


Apply resilient caulk or other 
resilient material around all 
openings made for pipes in the 
wall plates as well as in the 
wallcovering. See Figure 53-15. 
Seal all joints between subfloor 
panels. See Figure 53-16. 

Noise can also be controlled 
by enclosing noisy equipment 
when possible. Also, if cabinets 
are placed on opposite sides 
of a wall, they should not be 
placed back to back unless 
they are surface-mounted. See 
Figure 53-17. 
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Figure 53-15. Use resilient caulk or other 
resilient materials around all openings 
made for pipes in bottom plates or the 
wallcovering. 


Figure 53-16. Seal all joints in the subfloor 
with caulk to make them airtight, 
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STAGGERED 
MEDICINE CABINET 2x4STUDS ON 
WITH MIRROR 2x6 BOTTOM 


WHEN MEDICINE CABINETS ARE 
INSTALLED IN OPPOSITE WALL 
SURFACES, THEY SHOULD BE 

PLACED IN SEPARATE STUD SPACES 


SURFACE-MOUNTED 
MEDICINE CABINETS 


SURFACE-MOUNTED MEDICINE 
CABINETS MAY BE FASTENED TO 
ANY CONVENIENT WALL STUDS 


Figure 53-17. When placing cabinets on op- 
posite sides of a wall, separate the cabinets 
or surface-mount them as shown. 


ROOM ACOUSTICS 


Airborne and structure-borne 
noises enter a room through 
the walls, floors, and ceil- 
ings. However, many other 
noises are also created within 
the room such as voices, the 
sound of operating applianc- 
es, and the sound produced 
by walking on uncarpeted 
floors. In offices, shops, and 
factories, high noise levels 
are created by machinery and 
other equipment. 

High sound levels created 
within an enclosed space, such 
as a room, are caused by reflec- 
tion. For example, the sound 
waves created by a reciprocat- 
ing saw travel in all directions 
until they strike against an ob- 
stacle such as a wall or ceiling. 
The sound waves bounce off 
these reflective surfaces, creat- 
ing a greater noise disturbance 
than the original sound. See 
Figure 53-18. 
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Figure 53-18. Reflection creates high sound levels within an enclosed area. 


Absorbing Sound 


Smooth and hard building surfac- 
es reflect up to 98% of the sound 
that strikes them. The amount of 
reflection can be greatly reduced 
by covering some of the room 
surfaces with acoustical materials 
that are designed to absorb sound. 
When properly applied, sound- 
absorbing materials reduce sound 
reflection as much as 5096. 


Acoustical Tile. Sound-absorbing 
material usually is in the form 
of acoustical tile. The tiles are 
manufactured from wood fiber 
or similar materials and are avail- 
able in different sizes of square 
or rectangular shapes. They are 
generally applied to ceiling areas 
directly below the joists or are 
used in suspended ceilings. 

Acoustical tile is designed with 
numerous tiny sound traps in the 
tile surface. The sound traps con- 
sist of drilled or punched holes or 
fissures, or a combination of both. 
When sound strikes the tile, most 
ofits energy is trapped in the holes 
or fissures. See Figure 53-19. 


Acoustical Plaster. Acousti- 
cal plaster is usually sprayed 
directly against the ceiling. 
Acoustical plaster is a mixture 
of ground gypsum combined 
with chemical ingredients that 
cause tiny air bubbles to form 
in the material. The air bubbles 
trap and absorb sound. 


SECTION THROUGH 
ACOUSTIC TILE 
SOUND SOUND 


TRAPPED TRAPPED 
IN TILE IN TILE 


Figure 53-19. Sound-absorbing materials 
such as acoustical tile have holes and/or 
fissures to trap sound. 


olar energy is an impor- 

tant alternative to gener- 

ated electricity. Many 
buildings are being constructed 
to accommodate solar heating. 
Solar heating systems are also 
being installed in many older 
structures. 


Two basic types of solar heat- 
ing are used. One method, the 
passive method, does not rely 
on any mechanical means. The 
other, the active method, re- 
quires a complex system of col- 
lection, transport, and storage. 
Both solar heating methods rely 
on direct energy from the sun's 
rays, which produce the energy 
that is collected and distributed 
within a building. 

Solar heating systems cannot 
entirely replace other types 
of heating systems within a 
building. During prolonged 
cloudy or inclement weather, 
conventional gas, electric, 
or wood-burning methods of 
heating are required. How- 
ever, a solar heating system can 
significantly reduce heating 
costs in a building and reduce 
the use of fossil fuels. 


PASSIVE SOLAR HEATING 


Passive solar heating principles 
date back 2500 years. Using 
these principles, the Greeks 
built entire cities facing south 
to take full advantage of the 
sun's rays and reduce their de- 
pendence on wood, which was 
used as fuel at the time. 

In a modern passive solar 
heating system, the building 
structure is designed to collect 
and store solar energy. The 
south-facing side of the build- 
ing must have large areas of 
glass or plastic glazing through 
which sunlight can pass into 


the building. See Figure 54-1. 
Once collected, the heat is ab- 
sorbed and stored by thick ma- 
sonry materials or by water. 
The following elements are 
necessary for a passive solar 
heating system: 
e collectors through which 
sunlight enters the building 
e an absorber to take in the 
heat 
e storage medium to retain 
the heat 
e a method of distribution of 
the heat 
e a control element to prevent 
heat loss back through the 
collector 
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Figure 54-1. A passive solar-heated building requires a broad expanse of south-facing 
windows to collect sunlight for heating the structure. 
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Collectors 


Collectors are the large glass 
or plastic areas through which 
sunlight enters the building. 
Collectors should face true 
south (x15?) and should not be 
shaded by trees or other build- 
ings. See Figure 54-2. 
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Figure 54-2. For maximum efficiency, 
solar collectors must face as closely as 
possible to true south (+15°). 
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Absorber 


The absorber is the hard, dark- 
ened surface of the storage ma- 
terial. The surface of an absorber 
in a passive solar heating system 
should be in the direct path of 
the sunlight that enters through 
the collectors. The sunlight is 
absorbed as heat. 


Storage 


The storage medium for a pas- 
sive solar heating system is usu- 
ally masonry (concrete, concrete 
masonry units, or terra cotta tile) 
or water. The storage medium is 
positioned directly behind or be- 
low the absorber. The absorber 
for masonry storage material is 
simply the exposed surface of 
the storage material. The heat 
absorbed from sunlight by the 
absorber is retained in the stor- 
age medium. 
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Distribution 


The method of distribution of 
solar heat is conduction, convec- 
tion, and radiation. Sometimes 
mechanical devices such as fans, 
ducts, and blowers are used to 
help circulate heat throughout 
the building. 


Solar Heat Collection and Storag 


Figure 54-3 
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Control 


The control element is mov- 
able insulation such as screens, 
drapes, or aluminized shades 
that can be applied at nighttime 
to the collectors to prevent heat 
loss back through the collec- 
tors. The movable insulation 
is also applied to the collectors 
during summer to keep the 
building cool. 

The three main types of pas- 
sive solar heating system are 
indirect gain, direct gain, and 
isolated gain. See Figure 54-3. 
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Figure 54-3. "Tm gain, direct gain, and Bente gain are m of passive solar m 
ing systems. One indirect gain system uses a Thrombe wall and the other uses a water 


wall. 


Indirect Gain 


Two common passive solar 
heating systems are indirect 
gain systems—the Thrombe 
wall and the water wall. In in- 
direct gain systems, the solar 
radiation is intercepted by an 
absorber-and-storage unit that 
separates the south-facing glass 
from the room. 

A Thrombe wall system uses 
an 8" to 16" masonry wall. A 
single or double layer of glass 
or plastic glazing is mounted 
approximately 4" in front of 
the masonry wall surface. The 
dark outside surface of the wall 
absorbs the heat, which is stored 
in the wall mass. 

The water wall system uses 
water-filled containers instead 
of a masonry wall. Water walls 
can be built in a number of ways. 
One way to construct a water 
wall is to use tall, hard plastic 
tubes. A water wall absorbs and 
stores more heat than a masonry 
wall of equal volume. 


Direct Gain 


The simplest passive solar 
heating method is the direct 
gain method. Sunlight enters 
through large, south-facing win- 
dows (collectors) and strikes the 
walls and floors. The walls and 
floors should be 4" to 8" thick 
masonry material such as con- 
crete, concrete masonry units, or 
brick. The surfaces should be a 
dark color in order to absorb the 
sun's heat, which is then stored 
in the masonry. 

At night, as the room cools, 
the heat stored in the masonry 
radiates into the room. This is 
called a time-lag heating process. 
To control heat loss, movable in- 
sulation is pulled down to cover 
the collector at night. During the 
summer, the movable insula- 
tion covers the collector during 
the day to prevent the sun from 
overheating the building. 


Isolated Gain 


The isolated gain passive solar 
heating method requires a sepa- 
rate space such as a solarium, 
atrium, or greenhouse to collect 
the solar radiation. 

A solarium can be built as part 
of a new building or added to an 
existing building. Solar heat is 
collected through the solarium 
glazing and can be absorbed and 
stored in various ways. A mason- 
ry wall or water-filled containers 
can be used for storage. 

Several methods can be used 
to transfer the heat collected in 
the solarium to the living space. 
If a masonry wall is used for heat 
storage, a time-lag heating pro- 
cess can take place. Ceiling and 
floor-level vents may allow for a 
natural convective loop of warm 
and cold air. A low-horsepower 
fan or blower can also be used. 


Passive Solar Cooling 


Solar cooling may seem like a 
contradiction, but there are a 
number of ways in which the 
sun's energy can be used in- 
directly to cool the interior of 
buildings. Proper tree placement 
and natural wind ventilation are 
two common methods of passive 
solar cooling. Deciduous (broad- 
leaved) trees located around 
the perimeter of a building will 
shade the building. Tree shade 
can also lower the temperature 
several degrees around a building 
through a process called transpi- 
ration, an evaporative process by 
which plants give off water to the 
atmosphere. 

Increasing the natural flow of 
air through a building by cap- 
turing the prevailing winds is 
another effective cooling meth- 
od. Capturing the wind is accom- 
plished by designing a building 
so operable windows (casements 
offer the best airflow) and inte- 
rior partitions are placed where 
they can best direct the natural 
breezes through the house. Wing 


walls are another method to 
increase airflow through a build- 
ing. Wing walls are vertical solid 
panels placed along the win- 
dows and perpendicular to the 
windward side of the house. See 
Figure 54-4. Wing walls increase 
the natural wind speed because 
of pressure differences created 
by the wings. 
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Figure 54-4. Wing walls increase airflow 
through the living space. 


Thermal chimneys use air 
currents to convey air out of 
a building. Air is conveyed 
through the building by creat- 
ing a warm or hot zone with an 
outside exhaust outlet. As air 
is drawn out of the building, 
replacement air is drawn into 
the house, creating air currents. 
See Figure 54-5. 
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Figure 54-5. Thermal chimneys use convec- 
tive currents to draw air out of a building. 
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Sunrooms and solariums can 
also be designed to convey air 
out ofa building. Vents are placed 
on the roof of the heated south- 
facing room. Vents are placed in 
the lower part of interior parti- 
tions between the sunroom and 
adjacent living space. Windows 
on tbe north side of the building 
must be open. All vents in upper 
sections of interior partitions and 
operable windows in side walls 
should be closed. Airflow cre- 
ated through the living space has 
a cooling effect and is exhausted 
though sunroom roof vents. See 
Figure 54-6. 
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Figure 54-6. Sunrooms and solariums can 
be designed to induce airflow through a 
building. 
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ACTIVE SOLAR HEATING 


Unlike a passive system, an active 
solar heating system or photovol- 
taic system, does not require a 
specially designed building. An 
active solar heating system is a 
mechanical method that can be 
installed in most new or existing 
buildings. Active solar heating 
systems heat air and/or water. 

In active solar heating systems, 
heated air or liquid is used to 
move heat into the living space. 
Heated air and liquid systems re- 
quire the following components: 

e collectors to convert the 
sun's rays into heat 

* a means of moving the 

heated air or water 
e a method of storing heat 
when it is not being used 

e an auxiliary heating system 

for times when direct sun- 
light is not available over 
longer periods 

* automatic controls to oper- 

ate dampers and/or control 
valves 


Active Solar Air Heating 
Systems 

Active solar air heating systems 
can produce 4096 to 8096 of the 
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heating needs for a one-family 
residence. However, recent 
studies show that active solar 
air heating systems are most 
economical when they are de- 
signed to handle about 50% of 
home heating. A schematic of 
an active solar air heating sys- 
tem is shown in Figure 54-7. 


Collectors. Active solar air 
heating system collectors are 
usually rectangular containers 
with transparent glass or plastic 
glazing to allow sunlight to en- 
ter, an absorber plate to absorb 
the heat from sunlight, and in- 
sulation to reduce heat loss from 
the collector. See Figure 54-8. 

Solar collectors are usually 
mounted singly or in rows on 
the roof or the south wall of 
a building. See Figure 54-9. 
Collectors should face true 
south (+15°) and should not be 
shaded by trees, hills, buildings, 
or other obstructions. The tilt 
angle is different in different 
geographic areas. Generally, 
collectors should be tilted at an 
angle equal to the local latitude 
plus 15°. Collectors receive 
most solar radiation between 
9 AM and 3 PM. 
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Figure 54-7. An active solar air heating system relies on a thermal storage unit to retain heat. 
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Active Solar Air Heating System Roof Collector 
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Figure 54-8. In a typical collector used with an active solar heating system, the sun’s rays 
enter through the double glazing. The black absorber plate absorbs the heat transmitted 


through the glass and the insulation behind the absorber minimizes heat loss. 


ThermoTech 


Figure 54-9. Solar collectors for active solar systems face true south for maximum ex- 
posure to the sun. 
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In new construction, collectors 
are installed between the roof 
rafters. When placed on older 
homes, collectors are usually 
mounted on wood strips or metal 
brackets fastened to the top of an 
existing roof. 

Collectors may also be installed 
on a structure remote from the 
building to be heated. A remote 
collector is used when the roof of 
a building does not lend itself to 
southern exposure. 


Air Movement after Entering 
Collectors. Air is introduced 
into one end of the collectors 
through a pipe or duct. The air 
is heated as it passes along the 
surface of the absorber plate 
within the collector. The heated 
air exits the opposite end of the 
collectors, where it is carried di- 
rectly into the building space to 
be heated. If heat is not required 
in the building space, it can be di- 
rected to a thermal storage unit. 
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The amount of solar radiation 
reaching the earth's surface 
varies because of changing 
atmospheric conditions. Clouds 
are the predominant atmo- 
spheric condition that affects 
the amount of solar radia- 
tion that reaches the earth. 


Thermal Storage Units. A meth- 
od for storing the heat is necessary 
since much of the heating needs 
to occur in the evening after 
the sun has set and solar radia- 
tion is no longer available. A 
thermal storage unit for active 
solar air heating systems often 
consists of small rocks (1” to 14%” 
diameter) housed in a wood or 
concrete box. See Figure 54-10. 
The size ofthe rock storage area 
depends on the size of the col- 
lector area. Most manufacturers 
recommend approximately 1⁄2 cu 
ft to 1 cu ft of rock per 1 sq ft of 
the collector. 
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Figure 54-10. Heated air can be directed to a thermal storage unit of an active solar heating syst 


A thermal storage unit requires 
an open area at the bottom. This 
open area, called a plenum, can 
be created with hollow concrete 
masonry units covered with a 
steel grate, with allowance made 
for another air space at the top 
ofthe enclosure. The entire ther- 
mal storage unit must be well 
sealed and insulated. 


Air Handlers. An air handler 
includes a blower assembly and 
automatic dampers and is usually 
positioned next to the thermal 
storage unit. Through control 
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of the automatic dampers, the 
heated air is directed to the living 
space or to the thermal storage 
unit. Later, the air handler can 
be used to direct the heated air 
from storage into the space to be 
heated. 


Auxiliary Heating Systems. 
Buildings with an active solar 
air heating system should have 
an auxiliary heating system 
for use on days when there is 
not adequate radiant energy to 
operate the solar system. Aux- 
iliary systems are powered by 
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em where heat is stored and used at night. 


natural gas, propane, fuel oil, or 
electricity. 


Automatic Controls. Sophis- 
ticated active solar air heating 
systems feature a fully automat- 
ic control system, which coordi- 
nates the solar heating operation 
with thermostats in the living 
area of a building. As a result, 
the following operating modes 
are possible: 

* Collectors-to-house mode. 
In this mode, heated air is 
conveyed directly from the 
collectors to the living area. 


e Collectors-to-storage mode. 
In this mode, when the 
proper living area tem- 
perature is reached, heated 
air from the collector is 
directed to the thermal stor- 
age unit. 

e Storage-to-house mode. 
In this mode, when solar 
radiation is not available 
to produce heated air in 
the collectors, heated air is 
forced up through the ther- 
mal storage unit and con- 
veyed to the living area. 

e Auxiliary-to-house mode. 
In this mode, mechanical 
heating equipment is used 
to provide heated air to the 
building. 


Active Solar Liquid 
Heating Systems 


Active solar liquid heating 
systems operate in a similar 
manner to an air heating system 
except that liquid, rather than 
air, is heated in the collector. 
An active solar liquid heating 
system includes collectors, 
pumps (instead of fans), storage 
tanks (instead of thermal storage 
units), pipes (instead of ducts), a 
heat exchanger, and controls. 


Collectors. A typical liquid 
heating collector panel is an 
insulated weatherproof box 
which encloses a dark solar ab- 
sorber plate and is sealed with 
at least one layer of glazing. 
The box is usually made of alu- 
minum or other metal. As heat 
from sunlight passes through 
the glazing, the absorber plate 
absorbs the heat and trans- 
mits the heat to water flowing 
through pipes in the collector. 
See Figure 54-11. 


Quick Quiz® 
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Refer to the Interactive CD-ROM for the Quick Quiz® questions related to section content. = 


Heat Transfer and Storage. In 
one commonly used system, 
heated water runs from the 
collector to a storage tank. 
The heated water can then be 
directed to baseboard radia- 
tors or an underfloor radiant 
system. When sufficient heated 
water is not available through 
solar means, an auxiliary boiler 
tank controls the distribution 
of heated water through the 
system. See Figure 54-12. 
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Figure 54-11. Water or other liquid flows 
through tubes in the solar collector where 
it is heated. 
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On days with low radiant energy 
levels, automatic controls activate 
auxiliary boiler. 


Solar collector absorbs heat and 
warms water in collector pipes. 


o Heated water flows to storage tank. a S 
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Figure 54-12. Water or other liquid is conveyed through an active solar liquid heating 
system to transfer heat to the living space. 
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oof finish includes over- 
hang and cornice work as 
well as applying finish ma- 
terials to the roof sheathing. Fin- 
ish work can begin immediately 
after the roof has been sheathed 
and after all roof projections, 
such as vent pipes and chimneys, 
have been placed. Completing 


the overhangs and cornices is the - 


first step in finishing a roof. 


ROOF OVERHANGS AND 
CORNICES 


Roof overhangs, or eaves, are the 
portions of a pitched roof that 
project past the side walls of the 
building. The cornice is the area 
beneath the overhangs. Several 
basic designs are used to finish 
roof overhangs and cornices. 
Most of these designs can be cat- 
egorized as open cornice or closed 
cornice. Cornice designs not only 
add to the attractiveness of a 
building but also perform a prac- 
tical function by protecting the 
side walls of a building from rain 
and snow. Wider overhangs also 
shade windows from the sun. 


Open Cornices 


In open cornice construction, the 
undersides of the rafters and roof 
sheathing are exposed. A 1” 

2" thick fascia board is usually 
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nailed to the tail ends of the raf- 
ters. See Figure 55-1. Most spaces 
between rafters are blocked; some 
spaces are left open (and screened) 
to allow attic ventilation. 
Usually a frieze board is nailed 
to the wall below the rafters. The 
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frieze board is a horizontal piece 
that provides a watertight connec- 
tion between the top of the siding 
and the cornice. In some cases, the 
frieze board is notched between 
the rafters and bed molding is 
nailed over it. See Figure 55-2. 


BOARD 


Figure 55-1. Finish nem boards are nailed to a fascia backer or directly to the roof 


rafter tails. 
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Figure 55-2. [n open cornice construction, the frieze board is cut between the rafters and 


molding is nailed over the frieze board. 


Closed Cornices 


In closed cornice construction, 
the bottom of the roof overhang 
is enclosed. The two most com- 
mon types of closed cornices are 
the flat box cornice and sloped 
box cornice. 

A flat box cornice requires fram- 
ing pieces called lookouts that are 
toenailed to the wall and face- 
nailed to the ends of the rafters. 


Lookouts provide a nailing base 
forthe soffit, which is the material 
that is fastened to the underside 
of the cornice. A typical flat box 
cornice is shown in Figure 55-3. 
For a sloped box cornice, the 
soffit material is nailed directly 
to the underside of the rafters. 
See Figure 55-4. Sloped box 
cornice designs are common on 
houses with wide overhangs. 
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Figure 55-3. For a flat box cornice with a plywood soffit, the soffit is nailed to the upper 
edge of the frieze board and to the underside of the lookouts. Note the metal soffit vent 
installed in the soffit for ventilation. 
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Typical Framing for Sloped Box Cornice 
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Figure 55-4. Lookouts are not required for a sloped box cornice. The soffit is nailed 

directly to the underside of the rafters. Note the soffit angle when compared to the flat 

box cornice shown in Figure 55-3. 


The construction of a gable end 
overhang, also known as the rake 
section, is explained earlier in this 
textbook. The basic trim pieces in 
the gable end overhang are the 
fascia board and soffit material. 
Figure 55-5 shows the finished 
gable end overhang for a flat box 
cornice. Figure 55-6 shows the 
finished gable end overhang for 
a sloped box cornice. 
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Figure 55-5. A flat box cornice requires a 
cornice return at the corner intersection of 
the gable end overhang and eaves soffits. 
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Figure 55-6. A sloped box cornice does 
not require a cornice return at the gable 
end overhang. 


Cornice Soffit Systems 


Plywood, hardboard, OSB, and 
fiberboard panels may be used for 
cornice soffits. For a more rustic 
effect, different types of siding 
patterns may be applied. Cornice 
trim and soffit systems are also 
available in aluminum and vinyl, 
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in a variety of colors and designs. 
See Figure 55-7. Manufacturer 
instructions should be carefully 
followed when installing alumi- 
num and vinyl systems. 


Gutters and Downspouts 


Gutters fastened to fascia boards 
collect water runoff from the roof 
and channel the water to down- 
spouts. Gutters and downspouts 
are made of aluminum, plastic, or 
galvanized steel. Sectional gutters 
and downspouts are commonly 
installed on residential struc- 
tures. See Figure 55-8. Seamless 
aluminum gutters generally are 
installed on light commercial 
and commercial buildings. 


COVERING ROOFS 


A finish roof covering is used to 
shed water and protect a build- 
ing from sun, wind, and dust 
infiltration. Many types of roofing 
materials are available. The type 
best suited for a particular build- 
ing depends on the roof slope, 
overall design of the structure, and 
local building code regulations. 
The color, texture, and pattern of a 
roofing material can add greatly 
to the general attractiveness of 
a building. 


Figure 55-8. Gutters and downspouts 
drain water from a roof. 


Some types of roofing materials 
may be applied by carpenters, 
while other types are applied 
by specialists called roofers. For 
example, built-up roof coverings 
are applied by roofers. 

Within the carpentry trade, as 
in many other building trades, 
there has been a trend toward spe- 
cialization of roof application. In 
many areas of the country, wood 
shingle and shake installation is 
performed by specialized roofing 
carpenters. Composition shingles, 
such as asphalt, mineral fiber, and 
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Figure 55-7. Vinyl cornice soffits and trim finish the overhang of this building. Note the 
vent openings in the soffit panels of the upper level. 


fiberglass shingles, are usually ap- 
plied by roofers. All carpenters, 
however, should understand 
roofing application and be able to 
make repairs when necessary. 
Wood shingles and shakes 
are produced from cedar logs. 
Wood shingles are cut from the 
logs. Shakes are similar to wood 
shingles but are split rather than 
sawn from logs. Shakes are ap- 
plied when a more rustic effect is 
desired. Regardless of the shingle 
material, the following key terms 
are related to shingle application: 


e Shingle width: total distance 
across the top of either a strip 
or individual shingle. See 
Figure 55-9. 
Toplap: distance that one 
shingle overlaps a shingle in 
the course (row) below it 
Sidelap: distance that one 
shingle overlaps a shingle 
next to it in the same course 
Headlap: distance that one 
shingle overlaps a shingle 
two courses below it. Headlap 
is measured from the bottom 
edge of an overlapping shingle 
to the nearest top edge of an 
overlapped shingle 

e Exposure: distance between 

the exposed edges of over- 
lapping shingles 

For the best protection against 
leakage, shingles and shakes 
should be applied only on roofs 
with a unit rise of 4” or more. Less 
slope creates slower water runoff, 
which increases the possibility of 
leakage as a result of wind-blown 
rain or snow being driven under 
the butt ends of the shingles. 


EXPOSURE 
Nen" 


OPLAP 


~~ SHINGLE 
EDGE 


WIDTH 
HEADLAP 


Figure 55-9. Shingles and shakes must 
be properly lapped to ensure the roof is 
watertight. 


Preparing Roofs for 
Finish Covering 


Before roof finish materials 
are applied, the roof must be 
sheathed, underlayment in- 
stalled (except under wood 
shingles), and flashing placed 
wherever conditions require it. 


Sheathing. Roof sheathing is 
usually plywood, OSB, or oth- 
er nonveneered panel product. 
Post-and-beam roofs often have 2" 
tongue-and-groove planks. Spaced 
1x38,1 x 4s, or 1 x 6s are frequent- 
ly used as sheathing under wood 
shakes or shingles. Other sheath- 
ing materials include various rigid 
roof insulation products. 


Ice and Water Guard. In cold- 
weather areas, flashing is also 
recommended along the roof 
eaves to prevent an ice dam. Ice 
dams are created when warm air 
rising through the attic is com- 
bined with melting snow, water, 
and cold outside temperature. 
Snow and ice accumulate on a 
roof and slowly melt. The melt- 
ing snow and ice then contact 
the cold roof surface directly 
above the uninsulated eaves as 
the moisture flows and forms an 
ice dam when it refreezes. 

Eaves may be flashed using as- 
phalt-saturated felt or an ice and 
water guard membrane. A strip 
of 50-Ib asphalt-saturated felt is 
applied over the regular layer of 
underlayment at the roof over- 
hang. See Figure 55-10. Flashing 
for the eaves should extend 12” 
to 24" inside the building. A 
drip edge at the top ofthe fascia 
is a metal piece that protects the 
edges of the roof deck and also 
helps to prevent leakage. 

Ice and water guard is a flex- 
ible adhesive membrane used 
to prevent moisture penetration 
and interior damage from water 
backup due to an ice dam or 
wind-driven rain. Ice and water 
guard membranes are available 
in 12", 30", and 60" widths and 


in 75’ and 100’ lengths. The 
membranes are adhesive on 
both sides to adhere to the roof 
sheathing and overlayment. 


DRIP SOFFIT 


EDGE 


FASCIA 


EAVES FLASHING 12" 
MINIMUM FOR STEEP 
ROOFS, 24" MINIMUM 
FOR LOW ROOFS 


| 


Figure 55-10. In cold climates, eaves 
flashing is installed along the roof eaves 
and extends 12" to 24" inside the building 
wall line. 


Ice and water guards are in- 
stalled along eaves and rake 
edges, in valleys, and on low- 
sloping roofs. Ice and water 
guard is applied directly to the 
roof sheathing and then rolled 
to ensure maximum adhesion 
and contact. See Figure 55-11. 
Side laps should be a minimum 
of 3%”, while end laps should be 


a minimum of 6". Always work 
from the low point of a roof to its 
high point. Apply ice and water 
dam membranes in valleys prior 
to applying the membrane to 
the eaves. When applying the 
membrane in a valley, start at the 
bottom and work toward the top 
of the roof and roll the membrane 
from the center outward. When 
applying the membrane for a 
ridge, center the membrane over 
the peak and roll from the center 
outward in both directions. When 
theunderlayment is installed, the 
release paper on the upper side of 
the membrane is removed, and 
the underlayment is positioned 
over it and rolled to provide 
proper adhesion. Always refer to 
manufacturer installation instruc- 
tions for ice and water guard. 
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Figure 55-11. The adhesive ice and water 
guard membrane is applied directly to the 
roof sheathing. 


Roofing sheathing platforms can be constructed using 2 x 4s and scrap roof sheathing 
to reinforce the sides 
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Underlayment. Roof underlay- 
ment has several important 
functions. Underlayment protects 
sheathing from moisture until 
shingles are placed. Underlayment 
also provides additional weather 
protection from wind-driven 
rainwater that may penetrate 
under shingles. In addition, 
underlayment prevents direct 
contact between the shingles and 
sheathing, which is important 
when asphalt shingles are used. 
Wood resins in sheathing can 
cause chemical reactions that are 
damaging to asphalt shingles. 

Underlayment is always used 
under asphalt and fiberglass 
shingles, but is not always re- 
quired under wood shingles and 
shakes. Asphalt-saturated felt (tar 
paper) is used for underlayment. 
Underlayment should be applied 
over the entire roof surface as 
soon as the sheathing installation 
has been completed. A 2" toplap 
is required at horizontal joints 
and a 4" sidelap is required at 
end joints of the underlayment. 
See Figure 55-12. 


DRIP EDGE SHAPES 


Figure 55-12. A 2” toplap and 4" sidelap 
are required for shingle underlayment. 
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Flashing. Roof shape and con- 
struction may create water 
leakage problems if flashing 
is not properly placed around 
vulnerable areas of the roof. 
Common vulnerable roof areas 
occur around a chimney or other 
roof projections. 

Flashing materials used on 
roofs may be metal, asphalt- 
saturated felt, or plastic. Metal 
flashing is made of aluminum, 
galvanized steel, or copper, and 
is installed around roof projec- 
tions and wall intersections. 
Asphalt-saturated felt flashing is 
generally used at the ridges, hips, 
and valleys since it easily forms 
to the intersections. 


Asphalt Shingles 


Most residential roofs in North 
America are covered with asphalt 
shingles. Asphalt shingles are less 
expensive than other types of shin- 
gles, are easy to apply, and havea life 
expectancy of 15 to 25 years. 
Asphalt shingles are made 
of asphalt-saturated felt coated 
with mineral granules. Asphalt 
shingles are available in a wide 
range of styles, textures, and 
colors. Light-colored shingles 
reflect heat and keep an attic 


TWO-TAB 
SHINGLE 


TWO-TAB 
HEXAGONAL 


Standard size is 
36" x 1134". 


36" x 11%”. 


Standard size is 


cooler. Dark-colored shingles 
absorb heat more quickly than 
light-colored shingles. 

Asphalt strip shingles are avail- 
able in several different designs. 
See Figure 55-13. Strip shingles 
are commonly used for new 
construction. Individual shingles 
are primarily used for restoration 
work. See Figure 55-14. 


CertainTeed Corporation 
Asphalt shingles are available in a variety 
of colors to complement exterior finish 
material. 


ADHESIVE 
TABS 


SEAL-DOWN 
ADHESIVE TABS 


THREE-TAB 
HEXAGONAL 


Seal-down adhesive tabs 
soften under heat of the 
sun and seal down tabs to 
prevent wind damage to 
shingles. 


Figure 55-13. Asphalt strip shingles are available in many designs. Seal-down adhesive 
tabs help to prevent wind damage to the shingles. 


Preparing Roofs for Asphalt 
Shingles. An asphalt-shingle roof 
requires underlayment and usu- 
ally some type of flashing. Open 
valley or closed valley flashing 
may be used. See Figure 55-15. 
In open valley flashing, 18" strips 
of mineral-surfaced roofing mate- 
rial are placed face down at the 
valley. A second piece (36" strip) 
is cemented face up over the first 
strip. The shingles are applied over 
the flashing. Shingle edges along 
the valley should be marked and 
trimmed parallel to the valley. To 
avoid penetrating the flashing, 
shingles should not be cut with a 
utility knife while they are laying 
in position. 

In closed valley flashing, a 
piece of mineral-surfaced roof- 
ing material is placed face up in 
the valley. The shingle strips are 
then placed to cross the valley. 

Flashing is required where 
a pitched roof meets a vertical 
wall, Figure 55-16. Metal stepped 
flashing extends 3" under the 
shingles and at least 4" vertically 
on the wall. The flashing must 
overlap a minimum of 2". 

Flashing must also be installed 
around roof projections such 
as ventilation vent pipes. One 
method of installing flashing 
around roof projections is shown 
in Figure 55-17. 


Applying Asphalt Shingles. Spe- 
cial noncorrosive, hot-dipped 
galvanized steel or aluminum 
nails are manufactured for as- 
phalt shingles. See Figure 55-18. 
These nails have flat heads 26" to 
74e" in diameter and sharp points. 
Staples are also commonly used 
to fasten asphalt shingles. Pneu- 
matic nailers and staplers are 
commonly used to apply under- 
layment and asphalt shingles. 


Individual Asphalt Shingles - 


| Figure 55-14 Sed 


INTERLOCKING 


Interlocking tabs resist 
lifting force of strong wind 
pressure. 


AMERICAN 


HIP OR RIDGE DUTCH 


Specifically designed for 


Called “giant individual” 
shingles, these types are 
seldom used in 

residential roofing today. 


use on hips and ridges. 


Figure 55-14. Individual asphalt shingles are primarily used for restoration work. 


Valley Flashin 


Methods _ 


Figure 55-15 £ 12” CEMENTED 
STAI "Aa OVERLAP 
OF ROOFING / 12" 


MATERIAL 
(FACE DOWN) 


OVERLAP IE 36” STRIP 
OF ROOFING 


UNDERLAYMENT PLASTIC MATERIAL 
ASPHALT ^ (FACE UP) 
CEMENT AT 


36” STRIP pe ALL OVERLAPS/EXTRA NAIL 


OF ROOFING ia IN END OF —¢ 
MATERIAL E3-— SHINGLES 
(FACE UP) / 


J OVERLAP 


om OPEN VALLEY MNA X 


An 18" strip of mineral-surfaced roofing mat- 
erial is placed face down in valley. A 36" strip | material is placed face up in valley. 
of roofing material is cemented over 18" strip, | Individual asphalt shingles are laid over 
face up. Asphalt shingles are then cemented | flashing and across valley. 

and nailed over the double layer of flashing. 


STEPPED 
FLASHING 

| TO HAVE 2" 
] SIDELAP 


E SENSN 


= ff =m c S 
Figure 55-16. Metal stepped flashing is necessary where a joint occurs between a pitched 
roof and vertical wall. 
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Flashing around Roof Projections  . 
| Figure 55-17 


TOP OF | CUT SHINGLE AROUND 
SLEEVE | STACK AND INSERT 


ADJUSTABLE TURNED | UNDER STACK FLANGE 
METAL — &3) INSIDE 


FLASHING [E & 3 
SLEEVE : 


/ NO. 15 
ASPHALT- 
ISATURATED 


Fit and cut asphalt o Apply collar of asphalt Place shingles over the 

shingles around stack. plastic cement around stack flange and 

Insert cut shingle the stack, extending 2” continue to shingle 

under the stack flange. up stack and out over remaining roof surface. 
top of stack flange. 


Place adjustable 
metal flashing over 
stack. 


Adjust sleeve base 
to slope of roof and 
turn top of sleeve 
down into the stack. 


Figure 55-17. Flashing is required where stacks project above the roof. 


Asphalt Roofing Nails | 


Figure 55-18. Smooth, annular, or screw-shank nails are used to fasten asphalt shingles 
to roof sheathing. 


Figure 55-19 shows a proce- 
dure for laying down asphalt 


eee RECOMMENDED NAIL LENGTH* strip shingles. A starter strip is 
T - x (MUT THU ENLACES oem placed beneath the first course 

| — of shingles. The first course starts 
l with a full shingle. Joints between 

SHETA individual m JA subsequent courses must be stag- 

E Io M gered to provide a tight seal. To 

ae stagger the Ba ae 

PM espe the next course, the first tab o 

abides 38 eae) Ke i the first shingle must be cut. For 

) example, the first shingle of the 
j EA | 134 e second course is 30" wide when 


6 = 30”). An additional 6” is 
cut off of the first shingle of the 
next course, resulting in a width 
of 24” (36” — 12” = 24”). When 
the width of the first shingle of 
a course has been reduced to 6”, 
the next course begins with a 
full shingle. 

A common procedure for finish- 
ing off the ridge and hips is the 
Boston method. See Figure 55-20. 
In this method, shingles specially 
formed for the ridge and hips are 


E — overlapped with a 5" exposure. 
B ——1' F Nails are driven into the areas 


CertainTeed Corporation 
A double layer of mineral-surfaced roofing material is used to form an open valley for 
an asphalt-shingled roof. 
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of the shingles covered by the 
overlapping shingle. 


weather, hip and ridge 
meyingcgu wai 


e warmed 
fo prevent cracking. 


halt Strip 


T 


Fasten metal drip edge 
to edges of gable and 
eaves. 


Roll out underlayment. 
Maintain 2” overlap at 
top and bottom seams 


Install wide eaves 
flashing along bottom 
edges of roof. 


and 4” overlap at side 


REGULAR STRIP SHINGE 
CUT TO 9" WIDE WITH 
TABS POINTING U 


POINT UP 
= Be Meo 


Lay down 9" wide 
starter strip, which is a 
cut-down shingle with 
the slotted edge of 
tabs pointing up. 


URSE 


FIRST CO 
REGULAR SHINGLES 


Nail first reqular 
course in place. 
Bottom edges of 
shingles should 
project 4” to %” over 


OF 


Nail succeeding 
courses of shingles. 
Cutouts of adjoining 
rows of shingles must 
be staggered. 


the drip edges at the 


gable and eaves. 


Figure 55-19. Drip edges, underlayment, and eaves flashing must be installed prior to 
installing asphalt strip shingles. In this example, three-tab strip shingles are used. 


SPECIALLY FORMED 
OVERLAPPING 
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ON HIP 
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Figure 55-20. The Boston method may be 
used for finishing the ridge and hips of an 
asphalt shingle roof. 


Wood Shingles and * 
Shakes 


Wood shingles and shakes are 
among the oldest types of roof 
coverings and are commonly ap- 
plied when a rustic architectural 
effect is desired. In some areas, 
however, local fire codes prohibit 
wood roof coverings because of 
the fire potential. 


Most shingles and shakes are 
produced from western red cedar 
trees, which are slow-growing co- 
niferous trees found in the Pacific 
Northwest. Western red cedar has 
exceptional strength in propor- 
tion to its weight and has little 
expansion and contraction with 
changes in its moisture content. 
These factors, along with its de- 
cay resistance, make western red 
cedar a superior wood for roofing 
or any other exterior use. 

Shingles have a smoother finish 
than shakes. See Figure 55-21. 
They are sawn from cedar blocks 
byashingle-cutting machine. Most 
wood shingles are produced in ran- 
dom widths ranging from 3" to 14" 
and in standard lengths of 16", 18”, 
and 24". Wood shingles are tapered 
to be thicker at the exposed butt 
end than at the concealed end. 

Different grades of wood shin- 
gles are available. No. 1 grade 
shingles, which are recommended 
for roofs with a 3:12 slope or 
greater and exterior walls where 
an excellent appearance is 


desired, are cut from clear heart- 
wood. No. 1 grade shingles are 
10096 edge-grained, meaning 
that the grain runs in the direc- 
tion of the long dimension of 
the shingle. No. 2 grade shingles 
have limited knots and defects 
above the clear portion, and are 
used on roofs with a 3:12 slope or 
greater and exterior walls where 
a good appearance is desired. 
No. 3 grade shingles are recom- 
mended for roofs with a 3:12 slope 
or greater and exterior walls 
where an economical product is 
acceptable. No. 3 grade shingles 
have unlimited sapwood and flat 
grain. No. 4 Undercoursing grade 
is used for starter courses at the 
eaves and has unlimited defects, 
sapwood, and flat grain. 


E 
s 3 


Figure 55-21. Shingles have a smoother 
finish than shakes and are tapered from 
the butt to the concealed end. 


Shakes are similar to shingles, 
but are typically split rather 
than sawed from cedar logs. 
Splitting produces a rougher 
and more rustic appearance than 
shingles. Three types of shakes 
are produced for exterior finish 
work. Tapersplit shakes are cut 
at a taper. Straightsplit shakes 
do not have a taper. Hand-split 
and resawn shakes are split and 
then resawn at a taper. Shakes 
are available in random widths 
starting from 4" and in standard 
lengths of 18", 24", and 32". 
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Hand seamers are used to form metal flashing while working on a rooftop. 


Hand-split and resawn shakes 
feature a rough split face and 
sawn back and are available in 
Premium, No. 1, and Standard 
grades. Premium grade shakes are 
10096 edge grain and are used on 
walls and roofs with a 4:12 slope 
or steeper where excellent ap- 
pearance is desired. No. 1 grade 
shakes are recommended for 
walls and roofs with a 4:12 slope 
or steeper where a good appear- 
ance is desired. No. 1 grade 
shakes are manufactured from 
clear heartwood. Standard grade 
wood shakes are edge grain, flat 
grain, or a combination of edge 
and flat grain, and are graded 
from the split or best face. 

Tapersawn shakes are a com- 
bination of a split shake and a 
sawn shingle and are used for 
roofs and vertical wall appli- 
cations. Tapersawn shakes are 
available in Premium, No. 1, No. 
2, and No. 3 grades. Premium 
and No. 1 grades are installed 
where a high-quality appearance 
is desired, and are used on walls 
and roofs with a 4:12 slope or 
steeper. The face of No. 2 grade 
tapersawn shakes is clear along 
the exposed surface. Tight knots 
and other small defects are al- 
lowed in the top half of the 
shakes. No. 3 grade tapersawn 
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shakes allow limited knots and 
defects on the entire face and are 
commonly used for walls where a 
rustic appearance is desired. 


Preparing Roofs for Wood 
Shingles or Shakes. Spaced or 
solid sheathing may be used as a 
base for nailing shingles and shakes. 
Spaced sheathing, except over the 
eaves, is recommended in most 
climates. See Figure 55-22. Wood 
shingles and shakes tend to absorb 
rainwater. For this reason, air circu- 
lation underneath the shakes or 
shingles prevents uneven drying, 


TWO NAILS PER SHAKE 
APPROXIMATELY 34" FROM EDGE 
AND 172" ABOVE EXPOSURE LINE 


SPACE SHAKES 
$8" TO V2” APART 


EXPOSURE 


EX 


PROJECT 
1%” BEYOND 
FASCIA AND 
OVER GABLE 

END 


ADJACENT COURSES 


OFFSET 112" MINIMUM FASCIA 


ASPHALT-SATURATED FELT OVER UPPER 
PORTION OF EACH COURSE OF SHAKES 


which can eventually cause splits 
to develop. 

Boards used for spaced sheath- 
ing are 1 x 4s or 1 x 6s and 
are spaced on centers equal to 
the exposure of the shingles or 
shakes that will be applied. (The 
exposure is the distance between 
the exposed edges of overlapping 
shakes or shingles.) 

Asphalt-saturated felt under- 
layment should be installed in 
strips, with the felt overlapping 
the upper portion ofeach course of 
shakes. Additional underlayment 
is required along the eaves. 


+ 


SPACED 
SHEATHING 


SOLID SHEATHING 
AT EAVES 


FLASHING 


STARTER COUSE 


Figure 55-22. Spaced sheathing is commonly used with wood shake or shingle roofs 
to provide air circulation beneath the roof. Note that solid sheathing is installed over 


the eaves. 


Installing Wood Shingles. Hot- 
dipped, zinc-coated nails are 
recommended for wood shingles 
and shakes. Aluminum and stain- 
less steel nails are also acceptable. 
The nails must be long enough to 
pass through the shingle or shake 
and penetrate the sheathing at least 
Y". A proper nailing procedure is 
shown in Figure 55-23. The nail 
heads should rest on the surface. 
If the nail is driven further, it will 
have less holding power. Two nails 
are used per shingle, each 34” from 
the edge and approximately 144” 
above the exposure line. 

The recommended exposure 
for wood shingles depends on the 
size of the shingle and the roof 
pitch. See Figure 55-24. A proce- 
dure for installing wood shingles 
is shown in Figure 55-25. 


Installing Wood Shakes. The pro- 
cedure for installing wood shakes 
is similar to the procedure for 
shingles. Shakes are much thicker 
than shingles; therefore, longer 
nails should be used. Shakes are 


1x4 SHEATHING 
5" OC 


NO. 1 GRADE 
16" LONG 
WOOD SHINGLES 


5" EXPOSURE 


1%” ABOVE 
EXPOSURE 
LINE 


also longer than shingles; there- 
fore, they have a greater exposure. 
Common exposures are 742” for 
18" shakes, 10" for 24" shakes, 
and 13" for 32" shakes. 

Therough and uneven surfaces 
of shakes increase the possibility 
of infiltration by wind-driven 
rain and snow. For this reason, it 
is necessary to place a strip of un- 
derlayment between each course 
as the shakes are being applied. 
See Figure 55-26. A 36" wide 
strip of 15-Ib (minimum) asphalt- 
saturated felt is laid over the eave 
line. The bottom course of shakes 
is doubled. After each course of 
shakes, an 18" wide strip of 15-Ib 
felt is placed over the top portion 
of the shake, extending onto the 
sheathing. The bottom edge ofthe 
felt placed on top of the shake is 
positioned from the butt a dis- 
tance equal to twice the exposure 
ofthe shake. To allow for possible 
expansion, the shakes are spaced 
about 12” apart and joints between 
the shakes are offset at least 142” 
from adjacent courses. 


oe Sete 


INCORRECT 


: 


CORRECT 


Figure 55-23. When nailing shingles or shakes, drive the nails until heads rest on the 


surface. If nails are driven into the surface, they will have less holding power. U 


T, 


se only two 


nails to a shake, placed 34" from each edge and 1¥2" above the exposure line. Hot-dipped, 
zinc-coated nails are recommended when applying wood shingles. Aluminum and 


stainless steel nails are also acceptable. 


16 5 butts in 2" 
18 5 butts in 24" 


24 4 butis in 2” - 


* in in. 


XPOSURE 
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3% Vo 
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Figure 55-24. Greater shingle exposure is allowed for roofs with steeper slopes. 


Installing Wood ~* 
Shingles | 


LINE EAVES FLASHING 


Install drip edge and flashing along 
all bottom edges of eaves to protect 
against possible water damage from 

ice dam. 


1" TO 177,3 


Install first course of shingles so 
they extend 1” to 1*2" beyond eaves 
line and 1" beyond rake edge at the 
gable. Double first course of 

shingles. 


SHINGLE:COURSES 


Install remaining courses. Joints 
between shingles should be offset 
at least 172" from joints in course 
below. Allow 3%” to 12" space 
between each shingle for expansion 
when wet. 


Figure 55-25. The first course of wood 
shingles should extend 1" to 1V£" beyond 
the eaves and 1" beyond the rake edge of 
the gable. 
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DC Raafing/Cedar Shake & Shingle Bureau 


Figure 55-26. Since wood shakes have rough and uneven surfaces, underlayment must 
be placed between each course. 


| After installing the first course of 
= shingles, lay out succeeding 
courses across the roof several 
courses at a time. Ensure joints 
between adjacent courses are 
offset at least 144” and that no 
joint in three adjacent courses is 
| aligned. In addition, joints should 
not be aligned with shingle defects, 
such as knots. 


Ridges, Hips, and Valleys. The 
same methods are used with 
wood shakes as with wood 
shingles for finishing ridges, 
hips, and valleys. 

Hip sections of the roof are 
finished with a hip cap. See 
Figure 55-27. A strip of 15-lb 
asphalt-saturated felt, at least 8” 
wide, must first be applied, and 
the starter course area of the hip 
cap is doubled. See Figure 55-28. 
The joints between the shakes 
are beveled. The directions of 
the bevels are alternated with 
each course. 
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Figure 55-27. Hip sections of a roof are 
finished off with a hip cap. 
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ALTERNATE 
HIP OVERLAP 


END VIEW 


Boston method of fitting shingles 
over hip. Neat and tight joints 
are required. 
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Crimped metal flashing is placed 
in valley before shingles are 
applied. 


Figure 55-28. When finishing a hip roof, 
shingles may be overlapped at the hip and 
flashing is installed in valleys. 


Valleys must be flashed with 
metal flashing before shingles or 
shakes are applied. Valley flash- 
ing should extend 12” from valley 
center in each direction. 

The ridge of a roof is finished off 
with a ridge cap, which is similar 
toa hip cap. See Figure 55-29. The 
general procedure for placing a 
ridge cap is the same as for placing 
a hip cap. 


A 


Figure 55-29. Ridge and hip caps are also 
available as factory-manufactured units. 


The potential for roof leaks 
occurs in areas where water is 
channeled for running off the roof, 
such as valleys between intersect- 
ing roofs. The open valley method 
is considered the most practical 
method of finishing a valley. See 
Figure 55-30. The first step is to 
apply 15-Ib felt directly over the 
sheathing. Sheets of metal valley 
flashing at least 24" wide, and 
with a 4" to 6" headlap, are then 
nailed down. The metal flashing 
should be 26-ga or heavier gal- 
vanized iron. Shingles or shakes 
placed in the valley should be 
fitted so they run parallel to the 
valley and form a 6" gutter. 


Cedar Shake & Shingle Bureau 


Figure 55-30. The open valley method is 
considered the most practical for finishing 
a valley. 


Other areas vulnerable to 
leakage are where a roof butts 
up against a vertical wall or 
around a chimney. Base flash- 
ing and counterflashing should 
be installed to prevent leakage. 
The bottom leg of the L-shaped 
base flashing rests on the roof 
and extends 6" under the shin- 
gles. The counterflashing laps 
a minimum of 3" over the base 
flashing. When flashing a brick 
chimney, the upper edge of 
the counterflashing is inserted 
at least 24" into a mortar joint. 
Caulking is placed between the 
counterflashing and the chim- 
ney. See Figure 55-31. 


Tile Roofing 


Tile is one ofthe oldest types of 
finish covering used on pitched 
roofs. Tile roofing has grown 
increasingly popular because of 
its fireproofing qualities. See Fig- 
ure 55-32. Clay or concrete tile 
roofing is available in a variety of 
styles. Clay tile is manufactured 
by baking plates of molded clay 
into tile. Clay tile is lighter than 
concrete tile; however, concrete 
tile is more durable and is used 
more often than clay tile. Con- 
crete tile is composed of portland 
cement, sand, and water. 


Field Tile. Field tile is generally 
classified as flat tile or roll tile. 
Flat tile is flat in cross section. 
Roll tile is curved in cross sec- 
tion. Accessory tiles are specially 
designed tiles used for different 
intersecting points on a roof. See 
Figure 55-33. 

Standard dimensions ofa field 
tile are 13" wide by 16%” long 
(dimensions may vary slightly 
among different manufactur- 
ers). A typical field tile has head 
lugs (anchors) on its underside 
toward the top ofthe tile. Trans- 
verse bars at the lower end of 
the underside act as weather 
checks to inhibit the movement 
of rainwater or snow under the 
tile. Interlocking ribs on the long 
edges of tiles act as a waterlock 


and control latitudinal move- 
ment ofthe tile. One nail hole is 
located near the top of flat tile. 
Two nail holes are located near 
the top of roll tile. 


Accessory Tiles. Ridge and hip 
tiles are used to cover ridges 
and normal hips. Hip starter 


UPPER EDGE OF 
COUNTERFLASHING 
EMBEDDED IN 
MORTAR JOINTS 


tiles are used to start tile at the 
eaves of hip roofs. Rake tiles are 
used to finish the gable ends of 
a roof. Three-way apex tiles are 
used to cap the intersection of 
the end of the roof ridge and 
hip. Four-way apex tiles are 
used to cap the peak of a pyra- 
mid-shaped roof. 


CAULKING 


BASE FLASHING 
EXTENDS 6" UNDER 
SHINGLES 


Figure 55-31. Flashing and counterflashing must be placed around a chimney on a 


wood shake roof. 


EN. rÀ 
Owens-Corning 


Figure 55-32. Tile roofing provides an attractive and fireproof finish roof covering. 
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Roof Tile 
Figure 55-33 


HEAD LUGS 


BOTTOM 
SURFACE 


Us $ 
du 
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Figure 55-33. Tile roofing is available in a variety of field tiles and accessories. 


Preparation for Tiles. Tiles are 
placed on spaced or solid sheath- 
ing that conforms to building 
code requirements for the an- 
ticipated loads. Spaced sheathing 
normally requires minimum 
1 x 6s spanning a maximum of 24” 
between rafters. Underlayment 
material must be at least No. 30 
asphalt-saturated felt installed 
with a minimum 2" headlap and 
6" side lap. Eaves flashing may be 
required in cold climates. 


Battens. Battens are frequently 
required under roofing tiles for 
installation over solid sheathing 
to provide positive anchorage 
for the tiles. Battens are1 x 2s 
nailed to the solid sheathing 
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after snapping chalk lines on the 
underlayment. The head lugs 
of each tile lap over and rest on 
the batten. A %” to 1” break ev- 
ery 4’-0” in each row of battens 
provides for water drainage. An 
alternate water drainage method 
is to install 1⁄4” shims under the 
battens to create a continuous 
space beneath them. The layout 
and placement of battens governs 
the final position of the tiles. 
Battens are spaced 13” to 1314" 
OC for 16%” long tiles. This 
layout provides a 3" to 34%” mini- 
mum headlap of the tiles. A line 
snapped for the upper edge of 
the top batten is 2" from the 
ridge to allow room for a 2 x 3 
nailer piece for the ridge tiles. 


The line snapped for the upper 
edge of the first batten measured 
from the eaves is 15” to allow fora 
1” tile overhang past the eaves. To 
determine the number of courses 
required, the distance between 
the chalk lines is measured and 
divided by 13. The exact spacing 
of the battens is then found by 
dividing the number of required 
courses into the distance between 
the top and bottom chalk lines. 
See Figure 55-34. 


Flashing. Corrosion-resistant, 
28-ga metal flashing is required 
at valleys, chimneys, skylights, 
and where the roof butts against 
a vertical wall. Valley flashing 
must extend at least 11” in both 
directions from the centerline, 
with a splash diverter rib not 
less than 1” high at the flow 
line. In open valley construc- 
tion, tiles are cut to the angle of 
the valley and held back 2” from 
the diverter strip. In closed val- 
ley construction, the tiles butt 
against the diverter strip. 

Pan flashing is used where 
tiles butt against a vertical wall. 
Counterflashing is also recom- 
mended. Flashing placed around 
flues and vents is copper or other 
approved material that can be 
formed to follow the shape of 
the tile. See Figure 55-35. The 
sides of chimneys and skylights 
are flashed in the same manner 
as straight walls. The top and 
bottom areas require flexible 
flashing material. 


Placing Tiles. Field tiles are placed 
in vertical and horizontal align- 
ment. Vertical interlocking joints 
must be free of any foreign matter 
to ensure a proper fit and interlock 
of the tiles. Tiles are placed from 
left to right because of the vertical 
keyway between the tiles. The 
number of tiles to be fastened with 
nails depends on the roof slope, 
whether or not battens are used, 
and the anticipated wind velocity 
in the area. Local building codes 
should be consulted for the tile 
nailing schedule. 


TILE 
3%” HEADLAP 


1x2 BATTEN 


1" OVERHANG 


2" THICK CANT 
STRIP SLANTS 
FIRST TILE 


UNDERLAYMENT 


Figure 55-34. Battens are laid out to provide proper headlap for tiles. 


Roof Tile 
Figure 55-35 
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Figure 55-35. Metal flashing is placed in all roof areas where leaks may occur. 


A cant strip used at the eaves 
must be twice the thickness of the 
battens to properly slant the first 
course of tiles. For rake tiles used to 
finish gable ends, the field tiles are 
cut and held back 1” to 2” from the 
outside edge of the sheathing. 

Ridge and hip tiles are nailed 
or wired to a 2 x 3 nailer strip fas- 
tened to the roof. A bead of roofer’s 
mastic is applied where the ridge 
tiles overlap. The juncture where 
the ridge and hip tiles rest on the 
field tiles is weatherproofed with 
mortar or an approved dry ridge/ 
hip system. Ends of a ridge can be 
finished with pieces cut from rake 
tiles. A starter tile is placed at the 
lower end of the hip section when 
starting hip tiles. 


Metal Roof Covering 


Metal roof coverings have been 
in use for a long time. Contempo- 
rary metal roof coverings include 
aluminum and steel shingles 
and standing-seam metal panels. 
Metal roof covering provides the 
following advantages over other 
roofing materials: 


e Can be placed directly over 
old roofs when reroofing, 
thereby saving money and 
eliminating a great deal of 
mess. 

e Reflects most of the sun's 
rays, and therefore doesn’t 
retain as much heat as shin- 
gles made from other ma- 
terials. Reflecting the rays 
keeps the attic and floor 
below cooler, resulting in 
reduced energy bills. 

e Under normal conditions, 

metal roof covering will 

never need to be replaced. 

Will not dry out, rust, split, 

curl, peel, or flake. 

Can be walked on without 

crushing or damaging the 

metal roof covering. 

Is much lighter than many 

other materials used for 

shingle roofs. 


e [s fire resistant. 
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Shingles. Metal shingles are 
made of aluminum or galva- 
nized steel and are available 
in many solid colors as well as 
designs that give the appearance 
of wood shingles or shakes. See 
Figure 55-36. 

Metal shingles may be applied 
individually or in panels. Battens 
should beinstalled when installing 
metal shingles. See Figure 55-37. 
Metal shingle panels may have 
prefabricated battens attached to 
the backs of the panels. 


Standing-Seam Roll-Formed 
Panels. Roll-formed panels are 
manufactured from aluminum, 
copper, zinc, and galvanized 
steel. Galvanized steel is the 
most common panel material. 
The panels can be preformed 
and/or textured to provide the 
panels with the appearance 
of shingles or tiles. Stand- 
ing-seam pitched metal roofs 
provide good drainage for 
rainwater and melting snow. 
See Figure 55-38. 

Standing-seam roll-formed 
panels are secured in place using 
clips that are concealed inside 
the seams. The clips are attached 
to the roof sheathing using lag 
bolts. While securing the roof 
in place, the clips also allow the 
panels to expand and contract 
with temperature changes, reduc- 
ing the chance of roof leakage. 
See Figure 55-39. 


Built-up Roof Covering 

A built-up roof covering con- 
sists of three, four, or five 
individual layers of roofing 
felt. Built-up roofs are usually 
used on flat decks. Each layer 
is mopped down with hot tar 
or asphalt. The final layer is 
coated with gravel, which is 
embedded in the tar or asphalt. 
See Figure 55-40. 

Built-up roofs are also used 
with flat roof decks constructed 
with parapets. Parapets are low 
walls along the edges of a roof. 
Flashing and counterflashing are 
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installed along the edges of the 
roof deck where it intersects the 
parapet wall. Asphalt-saturated 
felt is then installed over the 
flashing and counterflashing. 


See Figure 55-41. Flat roofs are 
pitched to direct rainwater and 
melting snow toward the gutters 
and downspouts. Nail holes are 
avoided in the upper felt layers. 


AHI Roofing 


Figure 55-36. Metal shingles are textured to provide the appearance of wood shakes or 


shingles. 


14%6” 
14% 6” 


INSTALLED WITH UPPER 
EDGE ABOVE RAFTER 


Figure 55-37. Battens may be installed 
beneath metal shingle panels. 


Wood and metal roof trusses can 
| be designed for on-center spacings 
greater than the traditional 

16” OC or 24” OC by upsizing 
chord members, or specifying a 
better grade of wood or thicker 
gauge of steel for the truss 
members. Some metal roofing 
covering products can span 


distances up to 5’ OC. 


Classic Products, Inc. 
Figure 55-38. Standing-seam metal roofs provide excellent water drainage. 
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Figure 55-39. Standing-seam roll-formed panels are secured in place with clips concealed 
inside the seams. A factory-applied sealant inside the seam produces a watertight 
connection when the seams are properly installed. 


30 LB SATURATED FELT 
- (NAILED DOWN DRY) 


MOP COAT OF 
TAR OR ASPHALT 


GRAVEL COAT 
EMBEDDED IN 
im, ASPHALT 


THREE LAYERS 
OF 15 LB FELT 


RAFTERS 


15 LB SATURATED 
FELT (MOP EACH 
LAYER WITH TAR) 


ROOF 
SHEATHING 


P OVERLAP 
ALL EDGES 


Figure 55-40. When applying a built-up roof, each felt layer is hot-mopped. The final 
surface is covered with gravel embedded in asphalt or tar. 


Built-up roof coverings are 
installed by roofing contractors 
who specialize in built-up roof- 
ing. Carpenters are not involved 
in the application of the built-up 
roof; however, they may perform 
certain preparatory work such as 
installing gravel stops, cant strips, 
and flashing. See Figure 55-42. 

Gravel stops may consist of one or 
two pieces. A two-piece gravel stop 


Figure 55-41. Built-up roof coverings 
are commonly used with flat roof decks 
constructed with parapets. Flashing, 
counterflashing, and asphalt-saturated 
felt are installed around the edges of the 
roof deck and other roof projections to 
provide a watertight seal. 


is made of two wood plates (2 x 4s) 
and a cant strip covered with metal 
flashing material. A one-piece gravel 
stop is made of galvanized steel or 
copper that is bent to accommodate 
the shape ofthe roof edge. 


Gravel Stops for 
Built-up Roofs z, 


| Figure 55-42 


Consists of two wood plates (2 x 4s) 
and cant strip (triangular cross-section) 
covered with metal flashing. 


II STRIP 
ONE-PIECE 


Consists of metal flashing bent to 
accommodate shape of roof edge. 


Figure 55-42. Gravel stops are used to 
finish the edges of built-up roofs. 
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indow units and ex- 
terior door units are 
usually assembled at 
a factory or mill-cabinet shop. 
The window and door units 
are delivered to a job site and 


installed by carpenters. Frames 
can be obtained unassembled. 


However, preassembled frames ` 


are usually ordered with win- 
dow sashes and doors already 


fitted in them. See Figure 56-1. ' 


Weatherstripping is often in- 
cluded and the exterior casing 
may also be attached. 


| 


ijem 


Figure 56-1. Preassembled window and door units are set in ifte p carpenters. 
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Exterior 
) Window andi 


/ Door Frames 


Information regarding the door 
and window units is provided 
on the floor plans, elevation 
plans, and details of the prints. 
Most prints also include a door 
and window schedule that spec- 
ifies the types of doors and win- 
dows to be installed. 


WINDOW UNITS 


Windows allow air and light into 
a building. Local building codes 
often specify the minimum glass 
and venting area required for in- 
habitable rooms. One building 
code, for example, recommends 


that inhabitable rooms be pro- 
vided with natural light with an 
area not less than one-tenth of 
the floor area, with a minimum 
of 10 sq ft. The code further 
states that inhabitable rooms 
must be provided natural ven- 
tilation. The area required for 
ventilation must be not less 
than one-twentieth of the floor 
area or a minimum of 5 sq ft, 
which is greater. See Figure 56-2. 
Openings for natural ventilation 
are not required if a complete 
mechanical ventilation system 
exists in the structure. 

Although windows are available 
in a variety of sizes, the window 
tops usually align with the door 
tops. See Figure 56-3. Door heights 
are usually 6'-8" in residences and 
7'-0" in public buildings. 

Various materials are used 
to construct window frames, 
sashes, and other window com- 
ponents. See Figure 56-4. Wood 
is the oldest type of material 
used for window units. Alu- 
minum, steel, and vinyl are 
also widely used. Aluminum 
windows are available in natural 
color or anodized with a colored 
finish. Vinyl- and aluminum- 
clad windows are also avail- 
able. Vinyl- and aluminum-clad 
windows have a wood core and 
are wrapped with vinyl or alu- 
minum, respectively. 


Window Selection * 


Solar radiation is one ofthe most 
efficient methods used to warm 
a building, particularly a house. 
Unfortunately, in the summer 
months or in warm climates, 
solar radiation can also be the 
8'-0" source of unwanted heat. Since 
COLERA windows transmit more solar 
radiation than the walls or roof, 
they are key in controlling the 
heat gain or loss for a building. 
Building orientation on the 
120 BLU AN REE property affects the time and 
12 SQ FT OF LIGHT AND 6 SQ FT level of heat gain from solar ra- 
OR NATUBAKAVENTILATIQN diation. South-facing windows 


Figure 56-2. Building codes often specify the minimum glass and venting area required are exposed to direct sunlight for 
for inhabitable rooms. In this example, the two windows provide 12 sq ft of glass area, 3 3 
which is 10% of the 120 sq ft floor area, and 6 sq ft of natural ventilation, which is 5% myst of ine veg. Basi zum Wiest 

facing windows are exposed 


of the floor area. 
to direct sunlight during the 
morning and evenings, respec- 
tively. North-facing windows 
- are exposed to indirect sunlight 
during the summer months and 
have minimal direct sunlight ex- 
posure in the winter months. 
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Figure 56-4 : 


Morvin Windows ond Doors Crystol Window ond Door Systems, LTD. Morvin Windows ond Doors 


WOOD ALUMINUM ALUMINUM-CLAD 


Figure 56-4. Preassembled windows are constructed of a variety of materials including wood, aluminum, and aluininum-clad 
wood. 
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Airtightness of a window unit 
depends on the construction and fit 
ofthe sash and frame and installa- 
tion procedures in the rough open- 
ing. Air infiltration occurs through 
cracks and joints around the win- 
dow members, and often transmits 
moisture vaportothe interior ofthe 
building. When moisture vapor is 
transmitted, condensation on the 
inside of the window will occur 
when certain air temperatures and 
relative humidities are achieved. 
See Figure 56-5. 


Relative Indoor Humidity (95) 


-30-20-10 0 10 20 30 40 50 60 
Outside Temperature (°F) 


Figure 56-5. Condensation will occur 
when certain air temperatures and relative 
humidity is achieved. 


The National Fenestration 
Rating Council (NFRC) is the 
only organization recognized 
by the U.S. Department of En- 
ergy (DOE) for determining the 
energy performance ratings of 
windows, skylights, doors, and 
curtain wall systems. The NFRC 
has developed several industry 
standards and administers a 
rating program that informs con- 
sumers about the energy ratings 
for windows, doors, skylights 
and curtain wall systems. 

NFRC window labels provide 
information about the U factor, 
solar heat gain coefficient, vis- 
ible transmittance, air leakage, 
and condensation resistance of 
a window unit. See Figure 56-6. 
The U factor indicates how well 
a window unit prevents heat 
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from escaping from the build- 
ing. A lower U factor indicates 
a better insulating value. The so- 
lar heat gain coefficient (SHGC) 
indicates how well a window 
unit blocks heat caused by sun- 
light. A lower value indicates 
less solar heat gain in the build- 
ing through the window unit. 
The visible transmittance value 
indicates the amount of light 
transmitted through a window. 
Even though windows are trans- 
parent, varying amounts of light 
are transmitted due to manufac- 
turing processes, coatings, and 
type of glass. A higher value 
indicates more light transmitted 
by the window unit. Air leakage 
is expressed as a value indicat- 
ing the equivalent cubic feet 
of air passing through a square 
foot of window area (cfm/sq ft). 
Heat loss and gain occur by air 
infiltration through cracks or 
voids in a window unit. The 
lower the air leakage value, the 
less air infiltration through the 
window unit. Condensation 
resistance indicates the abil- 
ity of a window unit to resist 
the formation of condensation 
on the interior surface of that 


product. The higher the con- 
densation-resistance rating, the 
better the window unit is at re- 
sisting condensation formation. 
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Figure 56-6. National Fenestration Rating 
Council (NFRC) labels provide informa- 
tion pertinent to window performance. 


Pella Corporation 


National Fenestration Rating Council (NFRC) energy performance ratings apply to sky- 


lights and other types of windows. 


Window Unit 
Components 


A traditional double-hung win- 
dow unit is shown in Figure 
56-7. The frame is composed of 
a top piece and two side pieces 
made of wood or metal. The 
width of these pieces is equal 
to the finished wall thickness. 
The sill is a slanted piece at the 
bottom of the frame. A sill per- 
mits moisture to properly drain 
away from the building. The 
space between the frame and 
the interior and exterior wall is 
covered by a casing. Aprons are 
placed below the finished sill 
and stool at the bottom of the 
frame. The window sash is the 
frame that holds the glass that 
fits into the window frame. 

A complete window unit 
includes one or more sashes. 
The upper sash in Figure 56-7 
is separated into several lights 
(panes of glass). The lights are 
separated by muntins. The com- 
plete wood or metal frames in- 
cluding sash units are installed 
in the rough openings after the 
walls have been framed and 
sheathed. 


Window Types 


The types of windows selected 
for a building should harmonize 
with the general design of the 
building. Some windows look 
better with traditional build- 
ing designs, while others blend 
well with more modern struc- 
tures. Types of windows in- 
clude fixed-sash, double-hung, 
casement, horizontal sliding, 
awning, hopper, and jalousie 
windows. 


Fixed-Sash Windows. Also called 
stationary windows, fixed-sash 
windows do not open or close. 
Since fixed-sash windows do 
not allow air movement through 
them, they are often used in com- 
bination with operable windows. 
See Figure 56-8. 


Double-Hung Window Com ponents 


Figure 56-7 -— 
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Figure 56-7. All windows have one or more sashes that fit into the window frame. A 
double-hung unit with two sashes is shown here. 
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Casement Windows. Casement 
windows are hinged on one 
side and have the same swing 
action as hinged doors. See 
Figure 56-11. Ventilation from 
a casement window is 10096 
of the window opening. Most 
casement windows are installed 
to swing out from the build- 
ing. However, they can also 
be installed to swing into the 
building. In addition to hinges, a 
crank operator and sash lock are 
installed on casement windows. 
Double or single casement win- 
dows are available. 


Horizontal Sliding Windows. 
Horizontal sliding windows 
move along tracks (or guides) 
located above and below the 
window. Sliding window units 
often consist of one movable 
and one stationary window. 
See Figure 56-12. A three-sash 


CertoinTeed Corporotion 
Figure 56-8. Fixed-sash windows are often used in combination with operable windows. 


Fixed-sash windows are shown in the middle and at the top of this assembly, and double- design consists of a fixed middle 

hung windows flank the large window at the bottom. window and sliding windows 
on both sides. A locking device 

Double-Hung Windows. Double- is the only hardware required. 


hung windows have upper and 
lower sash sections that move 
vertically in tracks provided in 
the window frame. See Figure 
56-9. Contemporary double- 
hung windows commonly have 
tilting sashes that allow cleaning 
the exterior side of the window 
from inside the building. Ven- 
tilation offered by double-hung 
windows is limited to 5096 of 
the window opening. 

Contemporary double-hung 
windows are fitted with balanc- 
ing devices to hold the sashes 
in open positions. See Figure 
56-10. Compressible weather- 
stripping is sometimes used as 
a balancing device with light- 
weight windows. A sash weight 
and rope were used as a balanc- 
ing device in the past. 

Typical hardware used with 
double-hung windows includes a 
sash lift and a sash lock. For some 


t S f (8) ble-h ng wi : : Andersen Corporation 
m EN : mie 3 pdaws Figure 56-9. A double-h ung window unit has upper and lower sash sections that move 
the sash lift is milled into the vertically in tracks provided in the window frame. The sashes for some double-hung 


lower sash bottom rail. windows can be tilted inward to allow cleaning of the exterior side. 
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Figure 56-10. Double-hung windows require a balancing device to hold them in an open 
position. 


Marvin Windows ond Doors 


Figure 56-11. Casement windows are 
hinged on one side. The casement window 
shown here swings outward as the crank 
operator at the bottom of the window is 
turned. Sash locks are located along the 
inner edges of the window. 


CertoinTeed Corporotion 
Figure 56-12. Sliding windows often feature 
one movable and one stationary window. 


Awning Windows. Awning win- 
dows are hinged at the top and 
swing out at the bottom. See Fig- 
ure 56-13. Awning windows are 
often combined with a fixed- 
sash window. Sometimes a series 


of awning windows are placed 
in the same opening. Awning 
windows require hinges and a 
crank operator or push bar. 


Hopper Windows. Hopper win- 
dows are similar to awning 
windows, but are hinged at the 
bottom instead of at the top. Hop- 
per windows swing in or outand 
require a crank operator or push 
bar and a locking device. 


Jalousie Windows. Jalousie win- 
dows are composed ofa series of 
small glass lights set into metal 
clips on both sides. A crank 
operator pivots the glass lights 
up to 90°. 


Installing Window Units 


Wood, metal, and clad window 
units are usually delivered to 
a job site with the sash in the 
frame. Manufacturer instructions 
for installation should be closely 
followed. Prior to installation, 
the rough openings must be laid 
out and properly constructed. If 
the opening has been properly 
laid out and framed for each 
window unit, there should be no 
problem with installation. 


Preparing the Rough Opening. 
The rough opening for window 
units must be properly prepared 
to minimize air and moisture 
infiltration and ensure the in- 
tegrity of the building envelope. 
After housewrap is attached 
to the building sheathing and 
openings in the housewrap are 
created, the windows must be 
properly flashed using metal, 
plastic, or flexible membrane 
flashing, and in certain cases, 
sill pans must be installed. 
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Figure 56-13. Awning windows are hinged at the top and swing out at the bottom. 


Flashing Window Openings. 
Window openings are one of 
the most vulnerable portions 
of the building envelope to air 
and water infiltration. A good 
seal must be created at window 
openings to protect the build- 
ing interior and direct water 
around the opening for proper 
drainage. Three basic types of 
flashing—metal, plastic, and 
flexible membrane tape—can be 
used to minimize air and water 
infiltration around windows 
and doors. 

Metal flashing is one of the 
oldest types of flashing materials 
used on buildings. Noncorrosive 
metal flashing, such as copper, 
aluminum, and galvanized 
flashing, is available in common 
shapes and sizes as sheet or 
preformed shapes. Metal flash- 
ing is most commonly used for 
commercial construction. 

Plastic flashing is commonly 
substituted for preformed metal 
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flashing. Plastic flashing, such 
as sill pans, is less expensive 
than metal flashing, and is flex- 
ible and easily cut into various 
shapes. Sill pans are preformed 
polyvinyl chloride (PVC) plas- 
tic flashings used at the base 
of window and door openings 


Sill Pans | 


Figure 


HEADER 
(RIM) JOIST 


TWO-PIECE 


to direct water that may have 
penetrated in or around the 
frames to the outside. See Figure 
56-14. Sill pans are available in 
multiple pieces to allow them to 
be adjusted to the desired rough 
opening width. For a two-piece 
sill pan, one side of the pan is 
positioned at the base of the 
rough window opening over 
the weather barrier and sheath- 
ing. Nails or staples are driven 
through the flange to secure the 
first piece in position. The same 
procedure is used for the second 
piece of the sill pan. A bead of 
sealant may be applied between 
the pieces at the lap joint. PVC 
cement can also be used to 
solvent-cement the two pieces 
together. The seam and nails or 
staples are then covered with 
membrane tape flashing before 
installing the window. 

When installing sill pans, 
ensure they are slightly angled 
to the exterior ofthe building to 
direct water away from the in- 
terior. In many cases, a beveled 
wood strip or dam strip may 
need to be installed along the 
inner edge of the rough sill to 
provide the proper angle for the 
sill pan. See Figure 56-15. The 
strips may also be used without 
a sill pan directly underneath 
flexible membrane flashing. 
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Figure 56-14. Sill pans may be installed at window or door openings to divert water to 


the outside. 
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BEVELED WOOD STRIP 


DAM STRIP 


Figure 56-15. A beveled wood strip or dam 
strip may be installed below a sill pan to 
provide a slight angle. 


Flexible membrane flashing, 
commonly known as peel-and- 
stick flashing, is commonly used 
as flashing for door and window 
openings. Flexible membrane 
flashing is available in 4” to 12” 
wide rolls that can be cut to the 
desired size. Flexible membrane 
flashing consists a bituminous or 
butyl rubber adhesive core with 
release paper on one side and a 
metal foil or flexible plastic back- 
ing on the other side. The release 
paper is removed immediately 
before the flashing is applied 
to the rough opening. The foil 
or plastic backing protects the 
membrane flashing. A hand roller 
can be used to apply pressure 
to the membrane flashing for 
optimal cohesion to the framing 
members. 


Flexible membrane flashing is 
applied directly over the house- 
wrap. Cut a piece of flashing 
approximately 1’ longer than 
the width of the rough opening. 
If necessary, install a beveled 
wood strip or dam strip along 
the inner edge of the rough 
opening. Peel the release paper 
from the flashing and position 
the flashing along the bottom 
and approximately 6” up the 
sides of the rough opening. See 
Figure 56-16. Do not stretch the 
flashing while applying it. When 
the flashing is in the proper po- 
sition, apply firm pressure to the 
flashing working from the center 
to the corners and up the jamb to 
remove air bubbles. Secure the 
outer edges of the flashing with 
plastic cap nails. 
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Figure 56-16. Flexible membrane flashing 
is commonly used as window and door 
flashing. 


Building paper may also be 
used as a weather barrier. When 
using building paper around 
window openings, a sill pan is 
created by cutting a piece ofthe 
paper and folding it to fit the 
corner of the rough opening. See 
Figure 56-17. The corner piece 
is stapled along the front edge 
of the rough opening. Another 
piece of building paper is slid 
into position over the corner 


piece and fastened along the 
side jamb using staples. 


Sealing Window Openings. 
When the window units are 
ready to be installed, a 1⁄4” to %” 
bead of sealant must be applied 
to the housewrap along the top 
and sides of the rough opening. 
See Figure 56-18. Do not apply 
sealant along the bottom of the 
rough opening. The window 
unit can then be installed per 
the manufacturer instructions. 
If a drip cap is required, the 
drip cap should be installed and 
properly sealed. 

With the window unit in- 
stalled, install the flexible mem- 
brane flashing vertically along 
the side jambs. The flashing 
should extend over the window 
nailing fin to cover the window 
fasteners and extend over the 
housewrap. After installing the 
side jamb flashing, install the 
horizontal flashing at the head 
jamb to cover drip edge and side 
jamb flashing. 

Release the housewrap at the 
head jamb and position over the 
head jamb flashing. Apply seam 
tape over the diagonal cuts in the 
housewrap at the corners of the 
head jamb, lapping the tape onto 
the window unit or casing. 


Flexible membrane flashing is applied 
directly over the housewrap. 
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Building Paper Flashing Installed in Rough Window Openings 


| Figure 56-17 
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Figure 56-18. Windows must be properly sealed to prevent air and moisture infiltration. 
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re the window frame is installed. 


Some manufacturers recom- 
mend that the window sash 
be removed before setting 
the frame to avoid damaging 
the sash. Others suggest that 
the sash not be removed, en- 
abling faster installation of the 
unit. Figure 56-19 describes one 
method of installing traditional 
window units. The procedure 
for trimming out (finishing) the 
interior of the window frame is 
discussed in Section 13. 


Metal and Clad Window Units. 
Most metal and wood- and 
metal-clad windows have a nail- 
ing flange with nail holes on all 
four sides. Nails or screws are 
driven through the holes into 
the sheathing and framework 
around the opening. Metal and 
clad window units are easier to 
install than solid wood units; 
however, care must be taken to 
level the bottoms and plumb 
the sides. 


Installing Typical Wood Sashes and Frames 
Figure. 56-19 a OM n — 
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Using wood shims under the sill, level window frame within 
rough opening. 
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When window frame is square in rough opening, fasten in 
position by tacking top corners. 
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Use wood shims at corners between window frame and rough 
opening trimmer studs plus wherever else necessary to 

straighten jambs. Use straightedge for large window frames. 
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@ Nail directly through side jamb and shims into trimmer studs. 


Figure 56-19. Window units are installed in the rough opening, which has been flashed with building paper. Some manufacturers 
recommend that the sash be removed before installation. 
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Another type of metal unit is 
designed to fit into an existing 
wood frame. These units are of- 
ten used to replace worn wood 
sashes in older homes. These 
metal units are attached by 
driving screws through holes 
provided in the nailing flange 
and into the wood frame. See 
Figure 56-20. 


Skylights. Skylights are, in ef- 
fect, windows placed in the roof 
of a building. Skylights provide 
additional natural light and are 
also an additional means of 
passive heat collection for the 
interior of the building. 

Skylights are available in vari- 
ous shapes and sizes. Smaller 
skylights are designed to fit 
between 16" and 24" OC rafter 
spacing. Large skylights require 
the same framing procedures 
used for chimneys and flue 
openings. One or more rafters 
may have to be cut, and headers 
must be installed. 

Most skylights are made of 
clear or translucent plastic, 
which is secured in aluminum 
or wood frames. Insulating glass 
may also be used for skylights. 
Skylights are usually set on 
curbs constructed over the roof 
opening. See Figure 56-21. 

Skylights can be used instead 
of dormer windows in gambrel 
or steeply pitched gable roofs 
to provide ventilation and light. 
See Figure 56-22. Skylights can 
also be installed over a light 
shaft that extends through the 
attic. See Figure 56-23. 


A Pieces of flashing overlap one — 
T" another beginning at te rotor ^ 
- of the skylight where it penetrates 
— the roof. Each course of roofing ! 
material has a piece of flashing — 
[step flashing) on top of the last 


I 
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Screw new metal frame into old 
frame. If a gap exists between 
bottom of new frame and sill, 
install expander unit. 


L1] Remove parting strips and inside 
stops. Remove old wood window 
sash. 


Figure 56-20. When replacing a wood window unit with a metal unit, the sashes, Stops, 
and parting strips are removed. The metal unit is designed to fit into the existing wood 
frame in the building. 
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Figure 56-21. Skylights are installed in flat or pitched roofs. 


Figure 56-23. Skylights may be installed 
over a light shaft in an attic roof. The 
light shaft is framed between the ceiling 
joist and roof rafters and is surfaced with 
gypsum board or wood paneling. 


Main Entrance Doors 


EXTERIOR DOOR UNITS 


Exterior doors, also known as 
entry doors, provide passage be- 
tween the inside and outside of a 
building. The main entrance door 
unit is usually at the front or street 
side of the building. Main en- 
trance doors may be a single door, 
double doors, or a single door 
flanked by windows. See Figure 
56-24. Main entrance doors are 
made of solid wood, or fiberglass 
or steel with an insulated foam 
core. Many main entrance doors 
have a fixed window. Examples 
of exterior door styles are shown 
in Figure 56-25. 

Passage into a building is also 
provided by one or more rear 


. Figure 56-24 SaaS 
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entrance (service) doors. Sliding 
glass or inswing doors are often 
used for service doors leading to 
porches, patios, or terraces. See 
Figure 56-26. 

Preassembled door units 
include the door and door frame 
consisting of a doorjamb, outside 
casing, head, and threshold 
(door sill). A doorjamb is the 
main vertical member on each 
side of a door. Doorjambs are 
either wood or metal. The casing 
is molding that covers the space 
between the jamb and wall. The 
head is the main horizontal 
member forming the top ofa door 
frame. The threshold is a piece of 
wood, metal, or stone that covers 
the space between the jamb and 
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Figure 56-24. Main entrance doors may be single or double doors. Main entrance doors may be flanked by sidelights or a transom. 
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the bottom of the door opening. 
Often the doors are prehung, 
meaning that they have already 
been fitted and hinged to the 
jambs. Prehung exterior door 
units are installed into the rough 
door opening. 


Solid-Core Doors 


A solid-core door has wood 
surface veneers and a solid 
inner core, which may consist 
of wood blocks, engineered 


-Exterior Door Styles 
Figure 56-25 


wood product, or high-density 
foam. A high-density foam core 
increases the insulation charac- 
teristics ofthe door. A fire-rated 
door has a mineral-based mate- 
rial core. Fire-rated wood doors 
are designed to resist fire, and 
are rated as 20-, 30-, and 45- 
minute doors. To obtain a fire 
rating, the doors must be tested 
by a qualified testing agency and 
the doors must carry an identify- 
ing label. 


CROSSBUCK 
WITH ONE LIGHT 


Figure 56-25 Exterior doors provide passage between the inside and outside of a building. 
Exterior doors may be flush, panel, or crossbuck doors, with or without lights. 
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Figure 56-26. Exterior glass sliding doors are frequently used for passage to porches, 


patios, and terraces. 
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Fiberglass Composite 
Doors 


Exterior fiberglass composite 
doors have gained wider ac- 
ceptance in recent years as an 
alternative to wood doors. Fiber- 
glass composite doors consist of 
compression-molded fiberglass 
surfaces, wood stiles and rails, 
and a polyurethane foam core. 
The doors have good insulation 
characteristics and are very du- 
rable, even under harsh weather 
conditions. Fiberglass composite 
doors may have embossed wood- 
grain- pattern surfaces which can 
readily receive wood stains. 


Steel Doors 


Steel doors have traditionally 
been associated with commercial 
construction such as office and 
industrial buildings. While steel 
doors are still frequently used in 
commercial construction, they 
are gaining wider acceptance 
as exterior doors in residential 
construction. Steel doors are 
available in most standard sizes 
and in 1%” and 134” thicknesses. 
Other sizes and thicknesses can 
be ordered. 

Most steel doors are construct- 
ed of heavy-gauge galvanized 
surfaces enclosing a steel or 
wood frame. A high-density 
foam core, such as polyurethane 
or polystyrene, ensures high in- 
sulation values. Surface finishes 
are applied at the factory. Steel 
doors increase the security of a 
house. 


Installing Exterior Door 
Units 


Before a door frame is installed, 
the rough door opening should 
be flashed with building paper. 
A procedure for installing an 
exterior wood door frame is 
described in Figure 56-27. The 
manner in which the doors are 
fitted and hung in the frame is 
discussed in Section 13. 
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Working from the inside, position shims where required to 
straighten frame. Nail directly through side jambs and 
shims into trimmer studs. 


@ Using side of straightedge opposite stand-off blocks, align 
lock side of jamb and complete nailing casing. (It is not 
necessary to plumb lock side of jamb.) 


Figure 56-27. Door units are installed in the rough opening, which has been flashed with building paper. 
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Metal Door Frames. Metal door 
frames are delivered to a job site 
as packaged units and are as- 
sembled on the job according to 
the manufacturer instructions. 
Metal door frames must have 
a fire rating equal to or greater 
than its fire-rated door. When 
installed, the units are plumbed 
and aligned in the rough open- 
ing and fastened to the frame- 
work with screws. 


Wood or Metal Door Frames 
in Masonry Walls. Close coor- 
dination with the bricklayers 
or stonemasons is required for 
carpenters to install wood or 
metal frames in masonry (brick 
or hollow concrete masonry 
unit) walls. The frames are set in 
position when the exterior walls 
have reached the proper level 
below the door opening. 

Wood or metal frames are 
plumbed, aligned, and securely 
braced according to dimensions 
on the prints. The masonry walls 
are then built up on both sides 
and the doorjamb is anchored at 
the masonry joints. See Figure 
56-28. The procedure for install- 
ing a wood door frame in masonry 
walls is shown in Figure 56-29. 


Ensure metal door frames are 
internally braced to maintain the 


Sliding Glass Doors. Sliding 
glass doors, also known as 
patio doors, are constructed 
with wood, vinyl, or aluminum 
frames and glass lights. A typical 
sliding glass door unit includes 
a frame, weatherstripping, and 
hardware. Sliding glass doors 
generally have nylon rollers at 
the bottom to enable the door to 
move smoothly over tracks set in 
the sill. The sill is usually made 
of heavy extruded aluminum. 
The top of the door is held in 
place and guided by a channel 
or guide. Separate tracks are pro- 
vided for sliding screen sections 
used during warm weather. 
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Figure 56-28. Metal doorjambs are anchored to a masonry wall. One end of the anchors is 
welded to the doorjamb and the other end is embedded between the masonry courses. 
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Figure 56-29. When installing wood frames in exterior masonry walls, the frames must 
be accurately plumbed, leveled, and braced. Masonry walls are then constructed on 
both sides. 
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Genie Industries 
An aerial lift may be used when installing and trimming windows installed in an upper 
level. Note the proper use of personal fall-arrest equipment. 


Some sliding glass doors hang 
by rollers at the top that enable the 
door to move along tracks at the top 
of the frame. The door bottom fits 
into a channel in the sill that holds 
the door in place as it moves. 

Two- and three-door units are 
common sliding glass door con- 
figurations. In two-door units, 
both doors may slide or one door 
may be stationary. In three-door 
units, one or two of the doors 
may slide while the other door 
remains stationary. See Figure 
56-30. Sliding glass doors typical- 
ly include double or triple glazing 
to provide proper insulation. 
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Figure 56-30. Sliding glass doors may be 
two- or three-door configurations. The 
two doors on the right of this sliding glass 
door unit slide while the door on the left 
is stationary. 


OVERHEAD GARAGE 
DOORS 


Garage doors must be functional 
and attractive and must comple- 
ment the building design. See 
Figure 56-31. Overhead garage 
doors are the most common type 
of garage door. Older garage doors 
are hinged and open to the sides. 

Overhead garage doors are avail- 
able in a variety of dimensions for 
one-car or two-car garages. Garage 
doors can also be custom built to 
architect or owner specifications. 
Flush or panel designs are two 
common garage door designs. 

Garage door frames are wood or 
metal. Garage doors are sheathed 
with plywood, hardboard, par- 
ticleboard, aluminum, and fiber- 
glass, and often are filled with 
foam insulation. 


Figure 56-31. Overhead garage doors are the most common type of garage door. 


There are three basic types of 
overhead garage doors—one- 
piece swing-up, sectional roll- 
up, and rolling steel garage 
doors. Each type requires spe- 
cial hardware. 

A one-piece swing-up door 
depends on springs and counter- 
balances for its operation. One- 
piece swing-up doors are fitted 
with a %” to 4%” space on each 
side to provide ventilation for 
the garage. 

A sectional roll-up door is 
more expensive and operates 
more efficiently than a one-piece 


swing-up door. A sectional roll- 
up door is constructed in sec- 
tions that are hinged together. 
Door movement is controlled 
by a track system fastened to 
the side jambs and suspended 
from the ceiling of the garage. 


See Figure 56-32. 
A rolling steel door is nor- 


mally used in industrial and com- 
mercial buildings. See Figure 
56-33. The door rolls up into a 
housing unit located over the 
garage door and does not require 
attachment to the ceiling, thus 
saving overhead space. 
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Figure 56-32. Sectional roll-up garage doors are guided by a track system fastened to the 


jambs and suspended from the ceiling. 
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Automatic Garage Door 
Openers 


For convenience and security, 
overhead doors may be equipped 
with automatic opening systems. 
See Figure 56-34. An electric motor 
operates chains or cables that lift 
and lower the door. The electric 
motor is activated by a radio- 
controlled unit inside the car or by 
a switch located in the garage. 
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Figure 56-33. Steel overhead rolling doors 
are used in industrial and commercial 
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Overhead Garage Door Opening Specifications 
Figure 56-35 ELEME LEE 
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Installing Overhead 
Garage Doors 


The rough opening for an over- 
head garage door must be con- 
structed to the correct dimensions 
to avoid installation problems. 
Correct layout for a rough open- 
ing is based on the garage door 
size, jamb thickness, and required 
clearances. See Figure 56-35. 


Automatic Overhead Garage Door 


MOTOR UNIT 
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TROLLEY 
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UNIT CAN BE 
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Figure 56-34. Automatic opening systems are widely used with residential overhead garage 
doors. The system shown here hasa chain-and-cable mechanism operated by an electric motor, 
which is activated by a pushbutton in the garage or a transmitter carried in an automobile. 


SIDE ROOM 
SIDING REQUIRED 


JAMB SECTION 
TOP VIEW 


Figure 56-35. Rough openings for overhead garage doors must accommodate space needed for the garage door in the open position. 
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Manufacturer instructions for 
installing overhead garage door 
hardware should be carefully 
followed. Typical hardware is 
shown in Figure 56-36. Angled 


tracks provide a weathertight 
seal for a garage door. Torsion 
springs allow the door to open 
and close smoothly. An extension 
spring counterbalance device 


incorporates a safety cable for use in 
the event of a broken spring. Other 
hardware includes heavy-duty roll- 
ers, hinges, a bell crank door latch, 
and reinforcing steel struts. 


Typical Overhead Garage Door Hardware | 


Figure 56-36 - 
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Figure 56-36. Various hardware components are used for an overhead garage door. 
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xterior wall finish is installed 
after door and window frames 


E have been placed. A variety of 


materials are used for exterior wall 


finish including siding, brick, stone, ` 


stucco, and exterior insulation and - 


finish systems (EIFS). In many 
cases, more than one material is 
used for the exterior wall finish of 


a building. See Figure 57-1. In addi- 


tion to exterior wall finish, porches 
or decks may be constructed. 


EXTERIOR BUILDING 
ENVELOPE 


The exterior building envelope 
consists of the exterior wall fin- 
ish and weather barrier that was 
applied over the wall sheathing. 
The first line of protection against 
air and water infiltration into a 
building is the exterior wall fin- 
ish, which generally includes the 
finish material, trim, windows, 
and doors. The second line of 
defense against air and water 
infiltration is the weather barrier. 
Weather barriers must prevent air 
and water infiltration, yet allow a 
building to “breathe” to prevent 
moisture from condensing within 
the exterior walls. Weather barri- 
ers and their proper installation 
is discussed in Unit 43. 

Exterior finish material must be 
installed per the manufacturer in- 
structions to ensure the integrity 
of the building envelope. Regard- 
less of whether the exterior finish 
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Exterior Wall... 
Finish, Porches, 


and Decks 


material is wood, metal, vinyl, or 
composite, it must be properly 
installed. 


WOOD SIDING 


Wood is one ofthe oldest materials 
used for exterior wall covering and 
is one of the most attractive and 
efficient materials used to protect 
the exterior surface of a building. 
In addition to solid wood siding, 
wood panel products, such as 
plywood and hardboard, are also 
popular choices for exterior sid- 
ing. Solid wood and wood panel 
products used for siding are avail- 
able in various patterns. 


Board Siding 


Redwood and cedar are highly 
recommended for board siding 
because of their superior decay 
resistance. Western hemlock, cy- 
press, yellow poplar, spruce, and 
several pine species are also used 
for board siding. Wood board 
siding should be a good grade of 


lumber, free of warp, twist, knots, 
and pitch pockets. 

Allowable moisture content 
for wood board siding is approxi- 
mately 10% to 12% in most areas 
of the United States. In the south- 
western states, 8% to 9% mois- 
ture content is acceptable. Board 
siding should be back-primed be- 
fore nailing. In back-priming, the 
backs of the boards are painted 
with a sealer (either paint primer 
or a water-repellent preserva- 
tive). As the boards are cut for 
fitting and nailing to the wall, the 
freshly cut ends are also painted 
with sealer. 

Hardboard can also be used for 
siding. Hardboard can be manu- 
factured to appear like many dif- 
ferent lumber species. Hardboard 
siding is made with different tex- 
tures and is painted or stained. 


Board Siding Patterns. Board 
siding is available in straight 
boards or a variety of other pat- 
terns (shapes). See Figure 57-2. 


APA—The Engineered Wood Associotion 


Figure 57-1. Wood panel siding and masonry produce an attractive exterior finish on 


this traditional-design house. 


| Board Siding Patterns. 


| Figure 572 | 
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textured effect. 


ia APPLICATION AND NAILING — 


May be applied horizontally or | 6d finish nails for T&G, 8d nails for | Recommend 1" miminum 
vertically. Use 8d siding nails shiplap. overlap on plain bevel siding. 
for 6" widths. Wider widths nail Use 6d siding nails. 

twice per bearing. 


Recommended 1” minimum 
overlap. Use 10d siding nails. 


AVAILABLE í GRADES 


a 7 E AS m —MM ———— MÀ Án hiuc MK cal Ne 
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1%” at thickest point. Available in smoot surface 
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| 


Thicker than bevel siding. 
Rabbetted edge. 


Thicker and wider than bevel 
siding. Plain bungalow or 
“colonial” may be used with 
smooth face exposed or sawn 
face exposed. 


‘Nail TR up iom lower edae of Use 6d finish Sails for 6” 
piece. Use 10d casing nails. widths or less; wider widths, 
face nail twice per bearing 
with 8d TES nails. 


Same as for bevel siding, but use | Same as er appre Bevel 
8d siding nails. siding, but use 8d siding nails. 


"AVAILABLE € GRADES — 


m ES Emme western red | No. 1 common* No. 1 common* 


All species except western red 


cedar: Superior, Prime cedar: Superior, Prime | No. 2 common* No. 2 common* 
Western red cedar: Clear-VG-All- | Western red cedar: Clear-VG- | No. 3 common” No. 3 common or Superior’, 
Heart*, A", B*, C* All-Heart,* A,” B,* C* Prime*, E 
be | 


* most commonly used 


Figure 57-2. Board siding patterns are available in various widths, thicknesses, and grades. 
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In addition, all patterns are 
produced in various widths and 
thicknesses. Figure 57-3 indi- 
cates the nominal and dressed 
dimensions of some patterns. 
A triple-lap design is available 
in hardboard that allows faster 
installation. See Figure 57-4. 


Preparing for Board Siding. 
In most cases, siding is ap- 
plied over sheathing material 
and weather barrier. In mild 
climates, however, sheathing 
is not always required and the 
siding may be nailed directly to 
the wall studs. 


Where structural sheathing 
and rigid insulation board is 
used as the nailing base, the 
siding can be nailed into the 
sheathing material without pen- 
etrating the wall studs. When 
nonstructural sheathing is used, 
such as gypsum panel products 
and other types of insulation 
panels, siding must be nailed 
through the sheathing and into 
the wall studs. When no sheath- 
ing is used, a weather barrier 
should be installed on the studs 
to prevent air infiltration and 
water leakage. See Figure 57-5. 


BOARD SIDING SIZES 
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T Western red cedar bevel siding available in V2", %”, and ?4" nominal thickness, Corresponding surfaced thick edge 


is 192", %6”, and 34". Widths 8” and wider 14” off. 


Figure 57-3. Nominal and dressed dimensions of board siding vary with the pattern. 
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TRIPLE-LAP 
HARDBOARD 
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Hi As” THICK 3 [ 


(NOMINAL DIMENSION) 


Figure 57-4. Triple-lap hardboard siding 
allows fast installation. 
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Figure 57-5. A weather barrier is applied 
directly to the studs when sheathing is 
not installed. 


Flashing is recommended over 
the drip caps of doors and win- 
dows to prevent water leakage. 
A drip cap is a piece of mold- 
ing placed over exterior wood 
frames to direct water away 
from the door or window. See 
Figure 57-6. Flashing material 
on exterior walls is galvanized 
sheet metal or vinyl. 

Other preparations for siding 
may include metal trim pieces 
placed around the door and win- 
dow openings. See Figure 57-7. 


n Ts ES == 
Figure 57-6. Metal flashing is applied over 
the drip caps of door and window frames. 


Applying Board Siding. The 
procedure for applying board 
siding is similar for the different 
patterns. Application is usu- 
ally horizontal. See Figure 57-8. 
However, board, shiplap, chan- 
nel rustic, and tongue-and-groove 
patterns can also be applied 
vertically. See Figure 57-9. An 
attractive effect can be created 
by combining horizontal and 
vertical applications. Diagonal 
siding is also sometimes used, 
but more waste is created when 
applying siding diagonally. 


Horizontal Application. When 
applying board siding horizon- 
tally, the first row of boards is 
applied in a level, perfectly 


Figure 57-7 
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Figure 57-7. Siding systems may include metal trim around the door and window 
frames. 


straight line. The bottom of the 
first row of boards should be 
at least 1" below the top of the 
foundation wall to prevent wa- 
ter leakage between the sill plate 
and foundation wall. 

For bevel siding, a spacer 
strip equal to the thickness of 
the thin edge of the siding at 
the exposure line should be 
nailed to the wall underneath 
the bottom edge. The spacer 
strip will slant the first row of 
siding. See Figure 57-10. Bevel 
siding should overlap at least 1". 
To maintain a uniform overlap, 
a notched spacer block should 
be used. 

Whenever possible, rows of 
siding should be laid out so 
they align with the top of the 
window drip cap and bottom 
of the windowsill. See Figure 
57-11. When this layout cannot 


be followed, the siding boards 
must be notched around the win- 
dows. See Figure 57-12. 

A carpenter can determine the 
layout of siding boards by laying 
out the position and height of 
the window opening and sid- 
ing courses on a story pole. One 
procedure for laying out a siding 
story pole is shown in Figure 
57-13. In this case, the story 
pole shows that the boards can 
be made to line up with the top 
and bottom of the window. 
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—É HEC 
California Redwood Association 


Figure 57-8. Board siding is usually applied horizontally. California redwood siding is 
installed on this residence. 


Califarnia Redwood Assaciatian 
Figure 57-9. Board, shiplap, channel rustic, and tongue-and-groove patterns may be 
applied vertically. 
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Figure 57-10. When applying bevel siding, 
a spacer strip is installed under the bottom 
edge of the first course. 


| ELEVENTH SIDING BOARD ALIGNED | 
__WITH TOP OF DRIP CAP 


—FOURTH SIDING BOARD ALIGNED 
WITH BOTTOM OF WINDOWSILL 


- FOUNDATION WALL = 


Figure 57-11. In this siding layout, courses 
line up with the windowsill and drip cap. 


ELEVENTH SIDING BOARD 
NOTCHED AROUND WINDOW 
DRIP CAP 


FOURTH SIDING BOARD 
'NOTCHED AROUND 

DOWSILL ee 

OUNDATION WALL 


Figure 57-12. In this siding layout, boards 
are notched around the windowsill and 
drip cap. 
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Begin at point 1” below top of 
foundation (X) and mark spacing of 
siding boards on story pole. Measure 
up from point X 714” and make first 
spacer mark. Since there is 1” overlap 
on the remaining boards, actual 
exposure is 6⁄4” as shown on drawing. 
pum ma di. a Remaining spacer marks will be 674" 


CONTINUE apart 
REGULAR 6%” 
SPACING 


30ARD|| —- | | EM LS ÉL ROOF SHEATHING 


With mp of EIS pole held firmly 
against soffit, mark bottom with a line 
(X) 1" below top of foundation wall. 


Select a 1 x 3 for story pole that is 
long enough to extend from roof soffit 
to 2" below top of foundation wall. 


FASCIA BOARD | 


SLIDE TOP BOARD DOWN = z| gp OVERLAP 
UNTIL BOTTOM EDGE IS — 4 3 TRE 

EVEN WITH BOTTOM EDGE =E = |. f- — ṣ — — — — — — —— A 

OF WINDOWSILL 


1” OVERLAP STORY POLE 


In this example, closest spacer mark is 
34" above bottom of windowsill. To |. [- — — —- — — — — — — — k- S] |- — — — — 
adjust for this, slide top board down 

until bottom edges of top board and 

windowsill are even. (This decreases 
the exposure of the lower course by 

increasing the overlap to 1%”.) 


From adjusted sill and board - 
continue regular 6/4" spacing layout. 


OVERLAP 


2 In the example, closest space mark is 
PENCIL MARKS— V&" above top of drip cap. To adjust 
_-TRANSFERRED li for this, slide top board down until 
bottom edge is even with top of drip 


STORY |POLE -- 


STORY |POLE 


Carefully align and snap chalk lines 
between spacing marks transferred 
from story pole. Nail tops of bevel 
siding to chalked course lines. 


Move story pole to window frame and 
again transfer spacing marks to wall 
sheathing. 


Q Hold En pole firmly WES soffit at 
corner of building. Transfer spacing 

marks from story pole to wall 
sheathing. 


Figure 57-13. A story pole is recommended when determining the sequence for siding application. 
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Vertical Application. The lay- 
out procedure is somewhat 
simpler for vertical siding ap- 
plication than for horizontal ap- 
plication. Position the starting 
corner board so it is straight and 
plumb. When vertical siding is 
placed over walls that are not 
covered with structural sheath- 
ing, blocks for nailing must be 
placed between the studs 16" to 
24" apart. See Figure 57-14. 


i| Wood is a porous organic 
* material which absorbs and gives 
olf moisture, causing deterioration 
if the wood is not properly | 
maintained. Horizontal or vertical — 
wood siding must be repainted 
every five to seven years. Shingle 
siding provides a rustic 
appearance, but does not require 
linishing. 
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Figure 57-14. The first corner piece of vertical siding must be set straight and plumb. 
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Joints. Butt joints are typically 
used between the ends of sid- 
ing boards. The butt joints 
should be tightly fitted and 
staggered as shown in Figure 
57-15. Metal butt joint covers 


DOUBLE TOP PLATE 


HORIZONTAL SIDING : 
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Figure 57-15. Horizontal siding butt joints 
should be staggered and fall over a wall 
stud. 


FIRST CORNER PIECE MUST BE 
SET STRAIGHT AND PLUMB 


are often used with hardboard 
siding to allow faster appli- 
cation and provide a weather- 
tight joint. See Figure 57-16. 
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Figure 57-16. Metal butt joint covers are 
often used with hardboard siding. 


DOUBLE 
TOP PLATE 


A joint between vertical and 
horizontal boards occurs on 
buildings with gable roofs where 
vertical siding is applied at the 
gable ends of the roof and hori- 
zontal boards are placed on the 
walls below. When this type 
of joint occurs, special steps 
must be taken to prevent water 
infiltration where the vertical 
and horizontal siding meet. One 
method of preventing water in- 
filtration is to offset the upper 
wall so the vertical siding laps 
over the top horizontal piece 
of siding. See Figure 57-17. 
Another method of preventing 
water infiltration is to install a 
drip cap. See Figure 57-18. 
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Figure 57-17. Instead of using a drip cap 
to prevent water infiltration at the junction 
between vertical and horizontal siding, the 
upper wall may be offset so the vertical siding 
overlaps the top of the horizontal siding. 


Corners. Corners must have a 
neat appearance and be weather- 
tight. Metal corners provide a 
mitered effect and are easy to 
install. See Figure 57-19. 
Wood outside corner boards 
and inside corner strips may be 
used at corners. Outside corners 


may be mitered, although this 
is a more difficult procedure 
since the cut must be extremely 
accurate to produce a tight 
joint. See Figure 57-20. 
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“Inside and outside corners must ` 
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installing corner trim pieces. > 
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Figure 57-18. A drip cap is installed at the junction of vertical and horizontal siding to 
prevent water infiltration. 


Installing Metal Inside and Outside Corner Trim 
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Figure 57-19. Metal corner pieces are frequently used with board siding. The corner 
pieces are easy to install and provide a mitered effect to the corners. 
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Corner Finishes for Ene I 


Figure 57-20 


|. SHEATHING 


MITERED CORNERS 


Mitered corners are difficult to 
fit. They require accurate and 
tight joints. 


BUTT JOINT 
CORNERS 


Butt joint corners are nailed 
directly to sheathing. Board 
siding butts against corner 
boards. 


| SHEATHING 


siding. 


CORNER PIECES 
OVER SIDING 


Corner pieces over siding can 
be used with some types of 


` SHEATHING 


CORNER 
STRIP \ 


INSIDE CORNER 
STRIPS 
Inside corner strips nailed to 
sheathing at inside corner. 


Board siding butts against 
corner strip. 


Figure 57-20. Outside corner boards and inside corner strips may be used at the corners of board siding. 


Nailing Methods. Proper nail- 
ing is important to the appear- 
ance and durability of siding. 
Noncorrosive nails should be 
used to avoid unsightly stains 
or rust streaks. Aluminum alloy, 
stainless steel, or high-quality 
hot-dipped galvanized nails are 
recommended for wood siding. 
Annular- or spiral-shank nails 
may be used. See Figure 57-21. 
Although box, casing, and finish 
nails can be used for siding, sid- 
ing nails are recommended. Sid- 
ing nails have a slightly tapered 
head that can be driven flush 
with the siding or countersunk 
without crushing surrounding 
wood. Generally, 6d nails are 
used for 4%” siding and 8d nails 
are used for 94" siding. Pneu- 
matic nailers and staplers are 
also used to fasten finish siding. 
Like nails, corrosion-resistant 
staples should be used. 
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SHANKS 


Figure 57-21. While a variety of nails can 
be used when installing exterior trim work, 
siding nails are recommended for board 
siding. The head is slightly tapered and i 
can be driven flush or countersunk with- seS) 


out crushing surrounding wood. 


Although structural sheath- 
ing is usually considered an 
adequate nailing base, better 
stability is obtained by driving 
nails through the sheathing and 
into the wall studs. If the siding is 


to be painted or a solid-colored 
stain is to be used, nails should 
be countersunk and holes are 
filled with wood putty. If a semi- 
transparent stain is applied, 
nails should remain flush with 
the surface. 

When installing hardboard 
siding, drive nails so the backs 
of the nail heads are in con- 
tact with the siding surface. 
When nailing close to the end 
of the piece, drive nails into 
predrilled holes which are ap- 
proximately three-fourths the 
nail shank diameter. Figures 
57-22 and 57-23 show nailing 
methods for commonly used 
siding patterns. 
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PLAIN BEVEL RABBETED BEVEL 


Facenail with one nail only per 
bearing. Install siding to allow 
expansion clearance of 1%”. 
Drive nails about 1” above 
lower edge of course. 


Facenail with one nail only per 
bearing. Drive nail so shank 

just clears the top of preceding 
undercourse. 


* may also be installed vertically 


Two o NANS. ; | 


SHIPLAP V RUSTIC* 


Facenail with two nails per 
bearing for boards wider than 
6". Position nails in from edge 
approximately 1⁄4 width of board. 
For narrower boards, use one 
nail 1" above overlapping edge. 


| SIDING*-. 


TONGUE-AND- 
GROOVE* 


4" and 6" widths should be 
blindnailed (at 45°) through 
tongue with finish nails. Use 
one nail per board. For wider 
patterns, facenail with two nails 
per board. 


Figure 57-22. Nailing schedules should be closely followed to provide the best appearance for horizontal siding. 


Vertical Siding Nailing Schedule 
Figure 57-23 l 


NAILS MUST 
PENETRATE 


1⁄2” INTO 
WALL STUD| BLOCKING G soup WOOD 


Ye” EXPANSION— 
| CLEARANCE 


SHEATHING 


'4" SPACE BLOCKING 
BETWEEN 
/ VERTICAL 


J=BOARDS == 


U NAILS | 
4 1%” FROM, 


CHANNEL SHIPLAP 


Facenail with two nails per board. Nails 
should be spaced 1'2" from edge of overlap 
and 2" from edge of underlap for 8" wide 
boards. Nail other width boards 
proportionately. Allow %” for expansion 
clearance. 


- BOARD AND BATTEN 
Space boards 12” apart and drive one nail 
through center. Fasten batten strips with 
one nail driven through center so nail 

shank passes through 12” space between 
edges of boards. 


Figure 57-23. Vertical siding should be fastened according to the recommended nailing 
schedules. 


Panel Siding » 


Panel siding can be installed 
more quickly than board siding. 
Plywood or hardboard is usu- 
ally used for panel siding. 


Plywood Panel Siding. Ply- 
wood panels are available in 
a variety of textures and pat- 
terns. See Figure 57-24. Com- 
mon thicknesses are 1⁄2”, 3%”, 
15/55". We”, 1%0” and 9$". Most 
panels are 4’ in width, and are 
available in 7’, 8’, 9’, 10’, and 
12’ lengths. 

Plywood panels may be ap- 
plied to studs spaced 16” 
24” OC or over nonstructural 
sheathing. The panels are 
usually applied vertically, but 
they can be placed horizon- 
tally if the horizontal joints 
are blocked. 
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Figure 57-24. Plywood panel siding is manufactured in a variety of surface textures and patterns. 


Some plywood panel siding 
has a structural rating, which 
means that the panels have the 
same strength and rack resistance 
characteristics as structural 
panel sheathing. Therefore, it is 
not necessary to install diagonal 
bracing inside the framed wall 
or another layer of structural 
sheathing under the panel sid- 
ing. See Figure 57-25. 


Hardboard Panel Siding. Simi- 
lar to plywood panels, hard- 
board panels are available in a 
variety of textures and patterns. 
See Figure 57-26. Prefinished 
panels are also available. Panels 
are usually 74e" thick, 4’ wide, 
and 8’, 9’, or 10’ long. 

Hardboard panels do not have 
the high shear rack resistance of 
plywood panel siding, and are 
typically applied over structural 
sheathing. If hardboard panel 
siding is applied over nonstruc- 
tural sheathing, or directly to the 
studs, diagonal bracing should be 
installed in the framed wall. 

Hardboard panels must be 
acclimated to the temperature 
conditions around the building 
they will be covering. For this 
reason, they should be stored 
on the job site at least five days 
before installation. 


Preparing for Panel Siding. 
Walls are prepared for panel 
siding in the same manner de- 
scribed for board siding. How- 
ever, a weather barrier is applied 
directly against the studs and 
under the panels. Flashing and 
drip caps are installed over door 
and window openings. 
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High Shear Rack-Resistant Siding —— 


| Figure. 5725 : 
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Figure 57-25. When plywood panel siding with a structural rating is applied to a structure, 
no structural sheathing is required underneath and diagonal bracing is not necessary 
in the framed wall. 


James Hardie Building Praducts 
Fiber-cement siding can be embossed to provide a wood grain finish. 


Figure 57-26 
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Applying Panel Siding. Ply- 
wood and hardboard panels 
are applied the same way. All 
edges of panels must be sealed 
at the time of application with 
either paint primer or a wa- 
ter-repellent preservative. See 
Figure 57-27. Allow a %” gap 
along the panel ends and edges 
to provide for panel expansion 


Tack panel at each 
corner. Maintain 1%” 
gap between panels. 


(6" OC). 


Hardboard Panel Siding Textures 


DOUBLE TOP PLATE 
ITE 


Nail panel along 
edge next to 
adjoining panel 


ROUGH-SAWN 


James Hardie Building Products 
Figure 57-26. Hardboard panel siding is available in a variety of textures. 


from absorption of moisture. 
(Some manufacturers recom- 
mend a 1⁄6” gap.) 


a) Weathering of Unprotected wood ~ 
surfaces causes roughening and 
slow erosion of the surface due 

_to ultraviolet rays and water... 


REMOVE CORNER TACKS 


REMOVE CORNER: TACKS 


Remove tacks at top 
and bottom of right 
edge of panel. Nail 
panel at first 
intermediate stud 
(12” OC). 


INTERMEDIATE " n 
| STUD | 


Nail panel at secon 
intermediate stud 
(12” OC). 


APA—The Engineered Wood WO 
Figure 57-27. Siding panel edges must be 
sealed at the time of application. 


Nail plywood and hardboard 
panels 6" OC along the panel 
edges, 2" from the edge, and 12” 
OC at the intermediate studs. 
Use 6d nonstaining box, cas- 
ing, or siding nails for panels 
V" or less in thickness. Use 8d 
nails for thicker panels. Panels 
must be nailed properly for a 
uniform and flat appearance. A 
recommended nailing schedule 
is shown in Figure 57-28. A 
building that has been finished 
with panel siding is shown in 
Figure 57-29. 


Nail right edge of 
panel (6" OC). 


Figure 57-28. The proper nailing schedule for plywood panel siding ensures a flat, even surface. 
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Siding panels have square, 
shiplap, or tongue-and-groove 
edges along the long sides. Panels 
are usually placed with their long 
dimension in a vertical position, 
with vertical joints falling on 
studs. 

For panels with square edges, 
a V&" gap should be allowed be- 
tween panel edges and the gaps 
should be covered with battens. 
For shiplap panels, a Ye” gap 
should be maintained between 
the edge of the tongue and the 
groove in the adjacent panel. See 
Figure 57-30. Where horizontal 
joints occur between the tops of 
lower panels and the bottoms 
of panels above, nailing blocks 
must be installed between the 
studs. To prevent water leakage, 
the panels should be lapped or 
flashing should be applied. See 
Figure 57-31. Corner joints are 
finished using the same methods 
described for board siding. The 
procedure for installing panel sid- 
ing is shown in Figure 57-32. 


Hardboard siding is as strong 
and durable as most other types 
of exterior siding. The density 
and hardness of hardboard 
siding create a surface that is 
highly resistant to damage. The 
uniform thicknesses give 
hardboard siding superior 
dimensional stability. 
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4| Engineered wood siding may 

** be used as exterior siding for 
residential and light commercial 
wood-framed construction. 
Engineered wood siding is 
manufactured from wood residue 
such as planer shavings and 


sawdust. The residue is processed 
under heat and pressure, reducing 
it to fibers. The fibers are then 
formed into mats and the water 
is drained. Mats are trimmed 
and then placed in a press that 
contains engraving plates to 

| produce surface textures. 


James Hardie Building Products 
Figure 57-29. Panel siding can be combined with other building materials to create an 
attractive appearance. 
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Figure 57-30. Vertical joints of panel siding should fall over a stud. 
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Figure 57-31. To prevent water leakage, horizontal joints of panel siding should be 
lapped or flashed. 


Installing Exterior Panel Siding —— es 
Figure 57-32 Sy ae —ÁÀ—— 
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@ Fd at a corner, position first panel. Using a level, plumb and tack panel in place. Panel must overlap top of foundation wall 
y 1" minimum. 


NAILS}. 
1420€ ji} 
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Lay out second panel to fit around large framed window opening. Allow 18” expansion gap between two panels. To provide 
airtight seal, allow “6” gap all around the window frame (to be caulked later). 


| BETWEEN PANELS {jjo 
||: FAND AROUND DOORS |j. FINISH 
«f AND WINDOWS FOR jo. DOOR ; 
SEALING WITH CAULK]. |... i OPENING | 
l | (FRAME 


.1ST PANEL 


` 3RD PANEL 


t 


© Install remaining panels. Fit around all door and window frames maintaining 16” expansion gap between panels and a “ie” 
caulking gap around all door and window frames. 


Figure 57-32. Plywood and hardboard panels are applied in a similar manner. The bottoms of the panels should lap the foundation 
wall 1" minimum. 
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Wood Shingles or Shakes 


Wood shingles or shakes produce 
an attractive and durable cover- 
ing for exterior walls. See Figure 
57-33. The same types of shingles 
and shakes used for roof covering 
are used for exterior walls. The 
traditional method of application 
is to place one shingle or shake 
at a time. Shingle or shake pan- 
els are also available in which 
several shingles are glued to a 
backing, making application 
more efficient. 


Shakertown Corporation 


Figure 57-33. Cedar shingles on exte- 
rior walls provide an attractive, rustic 
appearance. 


Applying Individual Shingles 
or Shakes. A weather barrier 
is usually placed under the 
shingles or shakes. Shingles 
can be nailed directly to struc- 
tural sheathing. Where non- 
structural sheathing is used, 
horizontal nailing strips are 
required. Spacing of the nailing 
strips depends on the shingle or 
shake length. 

Two methods of individual 
shingle or shake application 
are single coursing and double 
coursing. In single coursing, the 
wall consists of a single layer of 
tapered shingles, except for the 
starting course, which is doubled. 
See Figure 57-34. Shingles or 
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shakes should be applied with 
about 1%” to 14" space between 
their vertical edges to allow. for ex- 
pansion from water absorption. 

In double coursing, two layers 
of shingles or shakes are applied 
to the entire wall. See Figure 
57-35. The first layer (under- 
course), which is a lower grade 
shingle or shake, is applied 
directly to the sheathing or nail- 
ing strips. For the second layer, 
higher grade shingles or shakes 
are applied with the butt ends 
extending !4" to V" below the 
undercourse. 


Figure 57-34 
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Figure 57-34. When single coursing shingles, the starting course is doubled. 


Single Coursing Wood Shingles — — 


‘USE 2 NAILS 
FOR SHINGLES 
UP TO 8" WIDE A 


Recommended exposure for 
shingles or shakes depends on 
the shingle or shake length and 
whether the shingles or shakes 
are single coursed or double 
coursed. See Figure 57-36. The 
greater the exposure of the shin- 
gle or shake, the more it will tend 
to curl up. 

Shingles or shakes should 
be applied with noncorrosive 
nails or staples long enough to 
penetrate into the sheathing or 
nailing strips. In single coursing, 
3d or 4d galvanized shingle nails 
are commonly used. 


USE 3 NAILS 
FOR SHINGLES 
OVER 8" WIDE: 
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EXPOSURE FOR 
16" SHINGLES 


LE 


NAIL 1” 


1| ABOVE TOP OF 
jf 1| BUTT LINE 
DOUBLE i, 4 
STARTER T 
COURSE | i 


TOP 
COURSE 


UNDERCOURSE 


F diii: 
Shakertown Corporotion 


Care must be taken when laying out shingle courses to ensure there is minimal waste 
when trimming around door and window openings. 
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Figure 57-35. When double coursing shingles, shingles in the first course can be of a 
lower grade than those in the second course. 
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Figure 57-36. Recommended exposure for shingles or shakes for walls depends on the shingle 
or shake length and whether the shingles or shakes are single coursed or double coursed. 


Shakertown Corporation 


Wood shingle siding and a wood shingle roof covering complement each other. 


Nails are placed 34" from the 
edge of the shingle or shake and 
1" above the butt line (thick edge) 
of the following course to cover 
the nail by the next course. In 
double coursing, the heads of the 
nails driven into the outer layer 
of shingles are exposed. A 5d nail 
with a small, flat head is placed 
1" above the butt line of the next 
higher course. 

Shingles at inside corners may 
be butted to a square strip or 
mitered. Outside corners may 
be woven or mitered. See Figure 
57-37. Boards are also used to 
finish the corners of shingled or 
shaked walls. See Figure 57-38. 
Metal corners are also available. 


Durability is the primary factor 
| fo consider when selecting wood 
shingles or shakes. The heartwood 
of western red cedar is rated as 
very durable because of the 
amount of natural chemicals in 

the wood. Sapwood, which is 
closer to the tree surface, is not 

as durable since rain and other 
moisture sources leach natural 
chemicals from the wood. 


Applying Shingle or Shake 
Panels. Shingle or shake panels 
consist of several individual 
shingles or shakes that have 
been bonded to a wood panel 
backing. They are available in 
various designs. Panels with a 
single row of shingles or shakes 
are available in 4' and 8' widths. 
See Figure 57-39. Panels are 
also available with two rows 
of shingles or shakes in an 8' 
width. 

The procedure for laying out 
and placing shingle or shake 
panels is similar to individual 
shingles. The bottoms of the 
panels are rabbeted, making 
them self-aligning. As a result, 
snapping or stretching lines on 
the wall for each course is elimi- 
nated. Chalk lines are snapped 
only for the first course. 
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Shingles butted against square strip Shingles cut on 45? angle to fit 
into inside corner. 


fastened to inside corner. 


INSIDE 
MITERED 
CORNER 


Shingles woven on outside 
corner (left shingle over right, | to fit on outside corner. 


OUTSIDE 
MITERED 
CORNER 


Shingles cut on a 45° angle 


right shingle over left, etc.). 


Figure 57-37. Corners of wall shingles and shakes may be butted against a square strip, mitered, or woven. 
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Figure 57-38. Boards may be used to finish 
corners of shingled or shaked walls. 


Figure 57-39. Single course shingle panels are applied in a manner similar to individual 


shingles. 
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For corners, a special type of 
single-ply corner trim is used 
with shingle or shake panels. See 
Figure 57-40. 


Water Table 


On some framed buildings, 
a water table is placed below 
the bottom course of the board, 
panel, or shingle siding. See 
Figure 57-41. A water table may 
also be used to finish the bottom 
ofa wall that has a stucco finish. 
The water table diverts water 
flowing down the siding away 
from the face of the foundation 
wall. A water table consists of a 


Shakertown Corporation 


board, which is 34" or 1/4" thick 
and 6" or 8" wide, placed beneath 
a regular drip cap. The quirk, a 
narrow groove beneath the drip 
cap, prevents water from flow- 
ing back to the joint between the 
board and drip cap. 


TRIM 
OVERLAP 


R 
SHAKE 
PANELS 


TRIMMED. 
| CORNER ~ 


SINGLE-PLY 
[CORNER TRIM 


Figure 57-40. Single-ply corner trim is 
used for corners when panels of shingles 
or shakes are applied. 


NONWOOD SIDING 


Types of nonwood siding in- 
stalled by carpenters include 
aluminum, vinyl, and fiber-ce- 
ment siding. Aluminum and 
vinyl siding are lightweight, cor- 
rosion-resistant, durable, and 
require little maintenance. 


Figure 57-41. A water table may be placed 
below the bottom course of siding. A %” or 
14" thick by 6" or 8" wide board is placed 
beneath a regular drip cap. The quirk pre- 
vents water from flowing back to the joint 
between the board and drip cap. 


Fiber-Cement Siding 


Fiber-cement sidingis composed 
of cement, ground sand, and cel- 
lulose fiber that are autoclaved 
(cured with pressurized steam) 
to increase its strength and di- 
mensional stability. Fiber-cement 
siding is durable, insect-, water-, 
and fire-resistant, and is manu- 
factured to resemble traditional 
wood siding. See Figure 57-42. 
In addition, fiber-cement siding 
is environmentally friendly as 
recycled materials are used in the 
manufacture of the siding. 

Fiber-cement siding is avail- 
able as planks, panels, and shin- 
gles. Planks, which are used for 
lap siding, are available in %6” 
and 74e" thicknesses, 51⁄4” to 12" 
widths, and 10’ to 16’ lengths. 
Panels are available as 4' x 8' pan- 
els in 54e" and "4e" thicknesses. 
Shingles are available in planks 
measuring V4" thick by 16” wide 
by 48" long. 


James Hardie Building Products 


Figure 57-42. Fiber-cement siding is manufactured to resemble different styles of wood 


siding. 


Specialty tools are required to 
cut fiber-cement siding due to its 
content. Hand snips and notch- 
ers are used to cut the siding by 
hand. See Figure 57-43. The two 
lower jaws support the siding 
and the upper blade shears the 
siding. Hand snips are primarily 
used for straight cutting, but can 
also be used to cut wide arcs. A 
notcher will cut arcs up to 4" in 
diameter to allow for mechanical 
system components or vents to 
pass through the siding. Hand 
tools can be used indoors or out- 
doors since they do not generate 
crystalline silica dust. 

Power tools, such as shears 
and saws, can also be used to 
cut fiber-cement siding. See 
Figure 57-44. Pneumatic power 
shears are commonly used for 
productivity applications and 
can be used indoors or outdoors. 
Shears are the preferred method 
of cutting fiber-cement siding 


since crystalline silica dust is not 
generated when cutting. Shear 
attachments are also available 
that can be mounted to a corded 
or cordless drill. 

A dust-reducing miter saw or 
circular saw fitted with a special 
blade can also be used to cut 
fiber-cement siding. The cutting 
of fiber-cement siding must only 
occur outdoors due the crystal- 
line silica dust that is generated. 
Crystalline silica dust is aknown 
cause of silicosis (discussed 
in Unit 22). Set up the cutting 
workstation so that there is good 
ventilation and where the dust is 
blown away from other workers. 
Always wear a properly fitted 
NIOSH-approved particulate 
mask or respirator when cutting 
fiber-cement siding. When possi- 
ble, the saw should be equipped 
with a HEPA vacuum system 
to minimize dust when cutting 
fiber-cement siding. 
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HAND SNIPS 


NOTCHERS 


Malco Products, Inc. 


Figure 57-43. Hand snips and notchers can be used to cut fiber-cement siding by hand. 


Malco Products, Inc. 


Figure 57-44. Power shears and saws 
fitted with special blades can be used to 
cut fiber-cement siding. Always be sure to 
wear respiratory protection when cutting 
fiber-cement siding with a saw. 


Installing Lap Siding. Exterior 


walls to be covered with fiber- 
cement lap siding should be 
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covered with sheathing and a 
weather barrier. If permitted by 
the local building code, fiber- 
cement siding can also be in- 
stalled directly to the studs with 
a weather barrier in between. 
The procedure for installing fi- 
ber-cement siding is very similar 
to the procedure for installing 
wood board siding (previously 
discussed). However, always 
refer to the manufacturer in- 
structions before installing lap 
siding. Install a 1⁄4” thick piece 
of fiber-cement siding at the base 
ofthe wall to ensure a consistent 
plank angle for the first course. 
See Figure 57-45. Fiber-cement 
siding is secured to the building 
using galvanized or stainless 
steel nails or corrosion-resistant 
screws. Fasteners should be 
driven perpendicular to siding 
and framing with the fastener 


heads snug against the face of 


the siding. Do not overdrive 
the nails. If using a pneumatic 
nailer, you should drive a nail 


through a scrap piece of siding 
to check the driving depth and 
adjust the nailer accordingly. 
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Figure 57-45. When installing fiber- 
cement lap siding, a V4" thick piece of fiber- 
cement siding is fastened along the bottom 
edge of the wall sheathing. Minimum overlap 
of lap siding is 1V4". 


Snap a line horizontally along 
the housewrap or building paper 
for alignment of the first course 
of siding. Additionallines for the 
subsequent courses may also be 
snapped at this time. Start along 
the left edge of a wall and align 
the top edge of the siding to the 
chalk line. Fasteners are driven 
into the upper edge of the panel 
at 12" to 16" OC, depending on 
the panel width and manufac- 
turer recommendations. Allow 
a small gap (%” maximum) be- 
tween adjacent panels to allow 
for expansion. Align the next 
course to the chalk line and fas- 
ten to the building sheathing in a 
similar manner. A facing gauge, 
also known as an overlap gauge, 
may be used to help maintain an 
accurate exposure across the en- 
tire plank, Figure 57-46. Gaps be- 
tween the trim pieces and planks, 
and between adjacent pieces of 
siding should be caulked. 


Malco Products, Inc. 
Figure 57-46. A facing gauge is used 
to help maintain an accurate exposure 
across the entire plank. 


Installing Panel Siding. Exterior 
walls to be covered with fiber- 
cement panel siding should be 
covered with sheathing and 
a weather barrier. Installation 
of fiber-cement panel siding is 
similar to installing hardboard 
or wood panel siding (previously 
discussed). Framing must be pro- 
vided at vertical and horizontal 
edges for nailing; vertical panel 
siding must be joined at studs. 
Fasteners should be located at 
least34" from the panel edges and 
at least 2" from the corners. 


Vertical joints can remain ex- 
posed or a batten joint or H-joint 
can be used. See Figure 57-47. 
When the joints are to remain 
exposed, a ¥%” gap should be left 
along the edges for caulking. For 
a batten joint, the vertical joint 
should be caulked and then the 
batten is fastened over the joint. 
An H-joint consists of a metal or 
PVCH-clip into which the edges 
of the siding are placed. Z-flash- 
ing is required at all horizontal 
joints to prevent water from infil- 
trating the building envelope. 


Installing Shingle Siding. Fiber- 
cement shingles are available as 
individual units or as planks. 
Individual shingles are avail- 
able in 18” lengths and in 6”, 
8”, and 12” widths. The various 
widths should be used together 
randomly. Joints between shin- 
gles in an upper course should 
be at least 1/7" away from 
joints in courses immediately 
above and below it. Exterior 
walls to be covered with fiber- 
cement shingle siding should 
be covered with sheathing 
and a weather barrier. Instal- 
lation of fiber-cement shingle 
siding is similar to installing 
wood shingles (previously dis- 
cussed). Wall sheathing should 
be a minimum of 7" thick 
plywood or OSB. The shingles 


are blind-nailed approximately 
1" from the upper edge. The 
lower edge of the subsequent 
course of shingles must over- 
lap at least 142”. Fiber-cement 
planks are also manufactured 
to resemble individual shin- 
gles, and install with less effort 
than individual shingles. See 
Figure 57-48. 


Aluminum Siding 


Aluminum siding is available 
with a smooth finish or with an 
embossed wood grain finish. 
Whether aluminum siding is 
smooth or embossed, the siding 
is prefinished when delivered to 
the job site. 

Aluminum siding is produced 
with or without an insulating 
backing board. Different styles 
are available for horizontal and 
vertical application. Aluminum 
panels 12" x 48" are also available 
that provide the appearance of 
cedar shakes. 

Aluminum siding can be ap- 
plied over sheathing or directly 
to the stud framing. A weather 
barrier should be installed be- 
neath the siding. Aluminum 
siding is popular for residential 
re-siding projects, in which the 
siding is attached to furring 
strips nailed to the existing 
wall. 


L 
SHEATHING 


WEATHER 
BARRIER 


EXPOSED 


H-JOINT 


Figure 57-47. Vertical joints in the siding can be exposed or finished with a batten or H-clip. 
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Figure 57-48. Fiber-cement siding planks can be manufactured to resemble wood 


shingles. 


A variety of accessory items and 
trim are available, such as starter 
strips, corner pieces, flashing, 
stiffeners, and trim pieces. 

Some building codes require 
aluminum siding to be groun-ded 
against the possibility of electrical 
shock. Grounding is accomplished 
by connecting a No. 8 copper wire 
to a cold water pipe or steel rod 
embedded in the ground. 

Manufacturer instructions 
for applying aluminum siding 
should be carefully followed. 
A circular saw, tin snips, or 
a utility knife can be used to 
cut aluminum siding panels. A 
circular saw with a 10-point 
aluminum-cutting blade is the 
quickest way to make precise 
cuts. A worktable should be set 
up with a jig that keeps the saw 
base clear of the siding to avoid 
scratching its surface. 

If siding is cut with tin snips, 
a duckbill tin snips is recom- 
mended for straight cuts. If a 
utility knife is used, the panel 
should be heavily scored with 
the knife, and then bent back and 
forth until it snaps cleanly along 
the scored line. 
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Aluminum siding has nailing 
slots along the flanges. Alu- 
minum nails are driven every 
16" to 24" through the slots. See 
Figure 57-49. For straight-shank 
nails driven into wood studs, the 
nails should penetrate at least 
34". Screw-shank nails should be 
used to fasten siding to plywood 
or OSB wall sheathing. Nails 
should not be driven in tightly. 
The siding must be able to ex- 
pand or contract with tempera- 
ture changes. 

A starter strip is installed 
along the bottom edge ofthe first 
course of siding. The first course 
is securely locked into the start- 
er strip. Joints between siding 
lengths should be staggered. 

Corner caps are used to fin- 
ish the outside corners of the 
walls. See Figure 57-50. The 
caps are fitted and installed as 
each course of siding is placed. 
The bottom flanges of the corner 
cap are slipped under the butt 
of each panel. When the butts 
of the corner cap and panel are 
flush, a nail is driven through a 
prepunched hole at the top of the 
corner cap. 


Aluminum Association, Inc. 
Figure 57-49. Aluminum nails are driven 
every 16" to 24" through nailing slots along 
the nailing flanges of aluminum siding. 
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Figure 57-50. Corner caps for aluminum 
siding must be fitted and installed as each 
course of siding is placed. 


win 1947, Jerome Kaufman = 
invented the first residential 

baked enamel aluminum siding 
_and formed the Alside Company. | 


Vinyl Siding 

Vinyl siding is a durable, dent- 
and abrasion-resistant, prefin- 
ished plastic product. Many 
styles of vinyl siding are designed 
to appear like board siding. Many 
colors and textures are available, 
including imitation wood grain 
patterns. See Figure 57-51. 

Similar to aluminum siding, vi- 
nyl siding is subject to expansion 
and contraction due to significant 
temperature changes. Vinyl sid- 
ing can expand and contract 4” 
or more over a 12’-6” length with 
temperature changes. Therefore, 
vinyl siding must be allowed to 
move freely from side to side. 
When driving nails or screws 
into the nailing flanges, allow 1⁄2” 
clearance between the fastener 
head and siding panel. Drive nails 
straight and level to prevent pan- 
els from buckling and distorting. 
Fasten nails or screws in the center 
ofthe nailing slot to accommodate 
panel movement. See Figure 57-52. 
Panels should move freely hori- 
zontally after nailing. 

Aluminum, screws, staples, or 
galvanized or other corrosion- 
resistant nails can be used to 
hang vinyl siding. Nail heads 
should be 54e" diameter mini- 
mum and the shank should be %” 
diameter. Use 1'/7"nails for gen- 
eral siding application, 2" nails 
for re-siding, 214” nails for siding 
with a backing board, and 1” to 
114” nails for trim. When apply- 
ing vinyl siding, fasteners should 
be installed 16" OC for horizontal 
applications, 12" OC for vertical 
applications, and every 8” to 10” 
for accessories and trim. 

Screws can be used to hang 
vinyl siding ifthey do not restrict 
siding movement. Corrosion- 
resistant, No. 8 truss head or pan 
head, self-tapping sheet metal 
screws should be used. 

If staples are used for hanging 
siding, the staples must be wide 
enough to straddle the flange 
between the nailing slot and 
edge of siding. Staples must be a 
minimum of 1" long. 


Alcoo Building Products, Inc. 
Figure 57-51. Vinyl siding is available in a variety of colors and patterns. 
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Figure 57-52. Vinyl siding must be properly installed to allow the siding to move freely 
from side to side when dimensional changes occur. 
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Vinyl siding is cut using com- 
mon hand and power tools, 
such as aviator snips, utility 
knives, circular saws, and radial 
arm saws. When using aviator 
snips, avoid closing the blades 
completely at the end of each 
stroke to avoid tearing the vinyl. 
When using a utility knife to cut 
vinyl siding, score the face of 
the panel and then snap it into 
two pieces. Fine-toothed blades 
should be used in circular saws 
and radial arm saws. When using 
a circular saw, mount the blade 
in the reverse direction and cut 
slowly. When cutting vinyl sid- 
ing in cold weather, aviator snips 
should be used as power saws 
will chip and crack the siding. 

In addition to common hand 
and power tools, a few specialty 
tools may be useful when work- 
ing with vinyl siding. A snap 
lock punch is used to punch 
lugs in the cut edges of siding 
to be used for the top or finish 
course, or underneath a window. 
See Figure 57-53. The lugs allow 
the siding panel to lock into the 
upper trim member. A nail hole 
slot punch is used to elongate a 
nailing slot for expansion and 
contraction. An unlocking tool 
is used to remove or replace a 
piece of siding. The curved end 
is inserted under the panel and 
hooked into the butt lock. The 
handle of the unlocking tool is 
pressed down while the tool is 
slid along the panel to unlock it. 
A similar procedure is used to 
lock a panel back into place. 

Before the siding panels are ap- 
plied, starter strips, corner posts, 
window and door flashing, trim, 
and J-channels must be installed. 
A chalk line is snapped for the 
starter strip and the starter strip 
is nailed to the sheathing at 8" to 
10" intervals. See Figure 57-54. A 
water level can be used to trans- 
fer the points to all sides of the 
building. Allow 1⁄4” at the ends 
of starter strips for expansion 
and provide clearance around 
the corner posts, J-channels, and 
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trim. For standard corners, install 
the starter strip approximately 
4" from the corner. For wide 
corners, allow approximately 
617" between the end ofthe starter 
strip and corner. 


" TIP INSERTED UNDER 
~p- PANEL AND HOOKS 
! BUTT LOCK 


UNLOCKING TOOL 


Malco Products, Inc. 


Figure 57-53. A snap lock punch is used 
to punch lugs in the cut edges of vinyl 
siding. The lugs allow the siding to lock 
into trim members. 
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Figure 57-54. A starter strip is applied 
along the bottom of the area to be sided, al- 
lowing room for the corner posts and other 
trim member. Approximately V" should be 
allowed between adjacent starter strips. 


Corner posts receive and con- 
ceal the ends of the siding panels. 
Before installing corner posts, 
flashing should be applied on 
inside and outside corners a 
minimum of 10” on each side. 
Remove the bottom 94" of the cor- 
ner post nailing flange so it will 


not be seen below the installed 
siding. Place the outside corner 
post into position, allowing a 1⁄4” 
gap between the eaves or soffit 
and post. The corner post should 
extend 3⁄4” below the starter strip. 
Ensure the outside corner posts 
are plumb before nailing. The top 
nail should be positioned at the 
top of the topmost nailing slot. 
See Figure 57-55. Remaining nails 
should be centered in the slots at 
8" to 12" OC. Plugs can be used to 
seal the ends of the corner posts. 
Inside corners can be formed 
with an inside corner post or 
with two J-channels. See Figure 
57-56. Ensure flashing is applied 
a minimum of 10" on each side 
of the corner. Remove the bot- 
tom 9?4" of the inside corner post 
nailing flange so it will not be 
seen below the installed siding. 
Place the inside corner post into 
position, allowing a 1⁄4” gap be- 
tween the eaves or soffit and post. 
Similar to hanging outside corner 
posts, plumb the inside corner 
posts and drive a nail at the top of 
the topmost nailing slot. Center 
all other nails in their slots. Two 
J-channels can also be used as 
an inside corner post. Ensure the 
corner is properly flashed prior to 
installing the J-channels. 
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Figure 57-55. An outside corner post con- 
ceals the ends of siding panels. 
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Figure 57-58. Inside corners can be formed with inside corner posts or with two pieces 


of J-channel. 


A weather barrier and flash- 
ing should be applied around 
window and door openings. The 
flashing should extend beyond 
the nailing flanges to prevent 
water infiltration. J-channel is 
installed around doors and win- 
dows to receive and conceal the 
ends ofthe siding panels. Special 
attention must be paid when 
forming the J-channels to ensure 
that water is properly diverted 
away from the window. See Fig- 
ure 57-57. Ensure the corners of 
the J-channels are mitered for a 
good appearance. 
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Figure 57-57. A J-channel to be fit around 
window and door openings must be modi- 
fied to properly drain water away from 
the opening. 


When installing a siding pan- 
el, push it up from the bottom 
until the butt lock fully engages 
the top lock of the panel below 
it. While holding the panel in 
position, reach up and nail it 
into place. Panel locks should 
be fully engaged, but the panels 
should not be under tension or 
compression when fastened. 
See Figure 57-58. When install- 
ing horizontal siding, place the 
laps away from areas where 
people typically walk so the lap 
joints are less easily seen. As 
additional courses are applied, 
check the horizontal alignment 
every fifth or sixth course. 
Separate joints by at least two 
courses and avoid joints above 
and below windows. Short 
cut-off pieces can be used for 
narrow openings such as those 
between window units. 
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Figure 57-58. Panel locks must be fully en- 
gaged, but the panels should not be under 
tension or compression when fastened. 


DECKS 


Decks provide outdoor living 
space for recreation, entertain- 
ing, and dining. They may 
have rails, stairways, built-in 
benches, flower containers, or 
spas. See Figure 57-59. 

The deck location should not 
prevent access to underground 
utilities such as electrical and 
telephone lines and plumbing 
and gas pipes. Always check 
with the appropriate utility 
company for location and depth 
of utilities before digging. 

The lot slope and house style are 
important considerations when 
planning and building a deck. 
Decks may be built for all styles of 
houses and may range from a few 
inches to several feet above grade 
level. See Figure 57-60. 


Deck Materials 


In the past, redwood or cypress 
was used to construct decks 
because of its insect and decay 
resistance. Pressure-treated 
wood is now commonly used for 
decks because it is decay- and 
insect-resistant, and is less ex- 
pensive than redwood or cypress. 
Most pressure-treated wood is 
treated with ammoniacal cop- 
per arsenate, which provides the 
lumber with its decay and insect 
resistance. 

Decks are typically construct- 
ed with pressure-treated struc- 
tural members, such as posts, 
ledger boards, beams, headers, 
and joists. The decking may 
be pressure-treated lumber or 
manufactured building products, 
which may be a composition of 
wood and plastic byproducts. 
Pressure-treated lumber is avail- 
able in the same nominal thick- 
nesses as untreated lumber, 
including 1”, 1%”, 2”, 4”, and 6”. 
Nominal widths are 4”, 6”, 8”, 
10”, and 12”. The 1”, 1⁄4” (54), 
and 2” nominal thicknesses are 
used for decking. 
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Figure 57-59. Decks may include benches, stairways, and other features for recreation, entertaining, and dining. 
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Figure 57-60. Decks must fit the slope of the lot. 


Fasteners and Connectors 


Fasteners and connectors used 
for deck construction must be 
hot-dipped galvanized or have 
another corrosion-resistant coating. 
Uncoated fasteners and connectors 
are weakened by corrosion and 
will stain the wood. Fasteners and 
connectors are discussed in Unit 
8. Composition decking may 
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require special fasteners to pre- 
vent unravelling of the material. 


Constructing Decks * 


Before beginning deck construc- 
tion, the site must be properly 
prepared to prevent vegetation 
from growing beneath and up 
through the deck. The top 2” 
to 3" of soil should be removed 


and the area covered with black 
polyethylene plastic, landscap- 
ing fabric, or asphalt-saturated 
felt. 

For a deck attached to a build- 
ing, a ledger board is first fastened 
to the building. The vertical 
placement of the ledger board 
determines the height ofthe deck 
floor. When 94" decking is used, 
position the ledger board with 


the top edge 19$" below the el- 
evation of the deck floor. When 
1%” decking is used, the ledger 
board should be 1%” below the 
finished deck floor. The type 
of fastener used for the ledger 
board depends on the material 
to which it is attached. Use lag 
bolts when attaching the ledger 
board to wood; use lag bolts and 
expansion shields for concrete. 
See Figure 57-61. 

Posts are used to support 
beams, which in turn support 
the deck joists. Various means 
may be used as a footing for the 
posts, Figure 57-62. Always 
consult the local building code 
to ensure the proper post foot- 
ing is used and to determine 
the frost line depth. Footings 
embedded in the earth must 
extend below the frost line. 

Decks can be constructed 
using various procedures. One 
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general procedure for con- 
structing an attached deck is 
described below and illustrated 
in Figure 57-63: 

1. Attach the ledger board to 
the side of the building. 

2. Lay out and fasten joist 
hangers to the ledger 
board. 

3. Construct batterboards with 
the top of the batterboard at 
the same elevation as the 
top of the ledger board. 

4. Stretch a line across the 
batterboards. The line will 
be used as a guide when 
setting piers, posts, and 
beam. For large decks, sev- 
eral batterboards may need 
to be constructed to ensure 
the proper elevation and 
squareness of the deck. 

5. Plumb down from the line to 
position the concrete piers. 
In this example, 8” x 8” 
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Figure 57-61. A ledger board must be securely fastened to the house. 
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Figure 57-62. Posts must be set below the frost line. 
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precast piers are being used 
with 4" x 4" posts. Therefore, 
the front of the pier will ex- 
tend 2" past the plumb line. 
Place posts on the piers and 
mark the tops of the posts at 
the stretched line. Remove 
the posts from the piers and 
cut them to length. 


. Plumb down from line to 


set posts on top of piers. 
Secure the post bottoms to 
the piers. 


. Construct a sandwich beam 


by placing beam 2xs on 
each side of the posts and 
securing them in position. 
The 2xs can be secured to 
the posts using nails or lag 
bolts. 


. Plumb and temporarily 


brace the posts and beam. 


. Set one end of the joists in 


the joist hangers attached to 
the ledger board. Secure the 
joist to the ledger board us- 
ing fasteners recommended 
by the manufacturer. 
Toenail the opposite ends 
ofthe joists to the top of the 
beam. 

Attach the header (rim) 
joist to the ends of the floor 
joist. 

Secure decking to the joists. 
Construct the railing. 
Construct the stairway. 


CONCRETE PIER 
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Figure 57-63. Structural members of a deck are typically pressure-treated luinber. The decking, railings, and stairway are commonly 
constructed with pressure-treated lumber or composite luinber. 
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When using solid wood deck- 
ing, place the boards with the 
growth rings facing down. Pro- 
vide ¥%” space between decking 
boards to allow for expansion. 
(A 10d nail may be used for 
a spacer.) When using manu- 
factured decking, refer to the 
manufacturer installation in- 
structions for the recommended 
spacing. 


Deck Shapes 
Figure 57-64 
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Decking may be fastened with 
spiral- or ring-shank nails, or 
coated screws. Follow the pres- 
sure-treated lumber manufac- 
turer recommendations for nail 
size and spacing. 

Decking may be placed in 
various patterns. For example, 
a herringbone pattern provides 
a contemporary appearance, 
while decking perpendicular to 
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Figure 57-64. Joists and blocking must be framed to accommodate the deck pattern. 


Quick Quiz? 


Mee uL .......,].LLA 2 GA ———— 
Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 


the building provides a more 
traditional approach. See Fig- 
ure 57-64. 

Guardrail posts are fastened 
to the outside joists or header 
joists. Balusters are spaced ac- 
cording to the local building 
code. Stairway stringers are 
attached to the header joist or 
outside joist, depending on the 
stair placement. 
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Interior Finish 
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ish includes the methods and | 


Pisin wall and ceiling fin- 
materials used to finish the : 


wall and ceiling surfaces. Gyp- 
sum board, plaster, wood pan- 


eling, and plastic laminate are. 


commonly used materials. 


GYPSUM BOARD 
WALLCOVERING 


Gypsum board, also known as dry- 
wall or wallboard, is commonly 
used for interior wallcovering. 
Most new houses are constructed 
with gypsum board wall finish. 
Gypsum board can be fastened 
to wood, metal, concrete, or ma- 
sonry. See Figure 58-1. 


Figure 58-1. Gypsum board is fastened di- 
rectly to wood or metal framing members 
and provides a smooth surface for paint 
or wallcoverings. 


Gypsum is a substance that is 
derived from minerals, which 
are crushed, heated, and com- 
bined with other chemicals. 
The mixture is then sandwiched 
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Interior 
and 


Ceiling Fin 


between two sheets of treated 
paper to create gypsum board. 
When properly applied, gypsum 
board presents a smooth, durable 
surface suitable for painting or 
wallcoverings. Gypsum board has 
good fire-resistance properties 
and provides a degree of sound 
insulation. Predecorated gypsum 
board panels are also available. 
Gypsum board is available in 
a variety of thicknesses, widths, 
and lengths. Common gypsum 
board dimensions are 4’ wide 
and 8’, 10’, 12’, or 14’ long. Thick- 
nesses range from 4” to 1”. For 
new wall finish, Ve", 5%”, or 34" 
thicknesses are usually used. 
Coreboards and liner boards for 
shafts, firewalls, and stairways 
are commonly 37" or 1” thick. 
Gypsum boards have differently 
shaped edges along their longer 
side, depending on their purpose. 
See Figure 58-2. Gypsum board 
designed to receive a painted fin- 
ish usually has a tapered edge to 
provide a recessed joint between 
the long edges of the boards. The 
recessed joint receives the paper 
tape and joint compound that is 
used to cover the joints between 
the boards. Predecorated gypsum 
board has rounded or beveled 
edges. Boards to be covered with 
other materials, such as plastic 
laminate or wood paneling, have 
tongue-and-groove edges. 


Figure 58-2. Gypsum boards have different 
edge shapes depending on their purpose. 


Paperless gypsum board, com- 
monly referred to as paperless 
drywall, is also available for 
interior installation. Paperless 
gypsum board consists of a 
moisture-resistant gypsum core 
that may be reinforced with 
glass fibers, with the panel faces 
covered with fiberglass mats 
that are also moisture resistant. 
Traditional gypsum board pan- 
els have a paper facing on both 
surfaces and hold up well under 
most circumstances. However, 
traditional gypsum board panels 
are vulnerable to mold in damp 
environments. Some types of 
mold actually feed on the paper 
facing of traditional gypsum 


board panels if the panels be- 
come wet and stay moist. 
Paperless gypsum board can 
be used in any part of a build- 
ing where traditional gypsum 
board might otherwise be used. 
Paperless gypsum board is well 
suited for humid areas, such as 
bathrooms, if the panels are not 
in direct contact with water. It can 
be used for exposed wall surfaces 
above ceramic tile on bathtubs and 
showers, and around vanities and 
water closets. The cutting, placing, 
and nailing of paperless gypsum 
board drywall is basically the 
same as traditional drywall. 


Applying Gypsum Board 
On large construction projects 
where large quantities of gypsum 
board are used, workers specializ- 
ing in gypsum board application 
are employed. Where smaller 
amounts of gypsum board are 
required, however, carpenters of- 
ten install gypsum board. 

After a gypsum board panel is 
measured and marked, it is usu- 
ally cut by scoring the face with a 
sharp knife, then snapping off the 
waste piece. See Figure 58-3. Jag- 
ged edges should be smoothed 
with a rasp, knife, or serrated- 
blade forming tool. See Figure 
58-4. Sometimes cuts can be 
made more conveniently with 


a Saw. 


Cutting Gypsum Board 
Media Clip 


Figure 58-3. Gypsum board is cut by scor- 
ing it on the face side and then snapping 
off the waste piece. 


Figure 58-4. Jagged gypsum board edges 
can be smoothed with a serrated-blade 
forming tool. 


The single-ply system of appli- 
cation is most often used for 
gypsum board in residential 
and other light construction 
applications. See Figure 58-5. A 
single layer is adequate for fire 
resistance and sound control. 
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The boards are applied with the 
long edge in a vertical or hori- 
zontal position. 

The double-ply system pro- 
vides greater fire resistance and 
sound control than the single- 
ply system. The first layer of wall- 
board is fastened to the studs. 
The second layer is then applied 
with an adhesive and tacked in 
place. See Figure 58-6. 

Panels are applied to the ceil- 
ing first and then to the walls. 
Wall panels should butt tightly 
against the ceiling panels. A foot 
lift can be used to raise the wall 
panels up against the ceiling 
panels to ensure a tight fit. See 
Figure 58-7. 
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A serrated-blade forming tool, or Surform®, is used to smooth rough gypsum board edges. 
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Figure 58-ó 
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Figure 58-6. In double-ply application, an adhesive is used to bond the second layer of 
gypsum board to the base layer. The second layer runs at a right angle to the base layer. 


Figure 58-7. A metal foot lift is used to 
raise a gypsum board wall panel up tightly 
against the ceiling. The space below the 
panel is covered by base molding. 


In most residential construc- 
tion, the rough ceiling height is 
usually 8'-1". The 8'-1" height 
provides clearance between the 
ceiling and floor for a !&" or 5%” 
panel on the ceiling and 8' long 
panels fastened to the walls. 
Wall panels may be placed with 
long edge running vertically or 
horizontally, whichever results 
in fewer joints between panels. 
Joints between the panels should 
be staggered if possible. 


Fastening Methods. Nails, 
screws, or adhesives are used to 
fasten gypsum board to interior 
walls. Staples may be used for 
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the first layer of gypsum board 
in double-ply applications. 


Nails. Nails used to fasten gyp- 
sum board to wood framing 
members must be long enough to 
go through the gypsum board and 
penetrate 24" to 76" into the wood. 
The heads should be at least 4" in 
diameter, flat or concave, and thin 
at the rim. See Figure 58-8. 

Gypsum board should be 
pressed tightly against wood 
framing members while nails 
are driven in. The nail should 
be driven in far enough to pro- 
duce a dimple on the surface of 
the board, but not far enough 
for the head to cut into the face 
covering. See Figure 58-9. The 
dimple is later filled with joint 
compound, hiding the head of 
the nail. 

Improperly driven nails can 
result in loose gypsum board. As 
aresult, cracks may later appear 
in the finished wall. Nails that 
do not catch the wood properly 
can work loose and eventually 
pop out. See Figure 58-10. 
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SMALL-HEADED NAIL FOR 
PREDECORATED GYPSUM BOARD 


Figure 58-8. Nails may be used to fasten 
gypsum board to wood framing members. 
Small-headed nails are used with predeco- 
rated panels. 
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Nails driven too deeply cut through 
face covering. 
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Nails driven at an angle cut through 
face covering. 


Figure 58-9. Nails must be driven properly 
to ensure a solid connection between the 
&ypsum board and wood framing member. 
Nails driven too deeply, or at an angle, will 
cut through the face covering. 


The single-nailing method, 
shown in Figure 58-11, or 
double-nailing method, as shown 
in Figure 58-12, may be used to 
fasten gypsum board to framing 
members. With both methods, 
first drive the nails in the center 
of the board and move outward 
toward the edges to prevent a 
sag or bulge at the center of the 
gypsum board panel. The same 
nailing patterns are used for walls 
and ceilings, with the edges of 
ceiling panels fastened 7" OC. 


Loose nails caused by poor fit between 
gypsum board and stud surface. 


FASUEO Gea, ioc ail HiT) 
N i 
| 


FRAMING |: 
MEMBER | 


Loose nails caused by nails missing 
stud. 


Figure 58-10. Loose nails are caused by a 
poor fit of the gypsum board to the fram- 
ing surface or by nails missing the framing 
members. 


Screws. Drywall screws are 
commonly used to fasten gyp- 
sum board to metal and wood 
framing members. Drywall 
screws are smaller in diameter 
(commonly #6) since they don't 
require the holding power of 
construction-grade screws. 
Drywall screws are self-drill- 
ing, self-tapping, Phillips head 
screws. 

The heads of most drywall 
screws are bugle-shaped. Bugle- 
shaped heads are designed to 
catch the gypsum board face 
paper and pull it in rather than 
tear it. Bugle heads displace less 
material than other head shapes 
and create less gypsum dust. 
Drywall screws are applied 
with a drywall screwdriver. See 
Figure 58-13. 


Adhesives. Adhesives can be 
used to bond gypsum board 
directly to wood, metal, ma- 
sonry, and other wall materials. 
Manufacturer recommenda- 
tions must be followed when 
selecting the proper adhesive 
for a particular job. 


Typical Single-Nailing Pattern 
_ Figure 58-11 LL. 


. T'MAX.-.. ; 
FOR WINDOW 
@: @® CELNGSq-): OPENING 


AND FRAME 
START NAILING IN  "/' } i 
CENTER AND WORK 


A OUTWARD TOWARD | GYPSUM 


NOT MORE 
THAN 1" 


© | NOTLESS 
THAN 36" 


ISUBFLOOR 
TOP AND 
BOTTOM EDGE 
NAIL SPACING 


SIDE EDGE 
NAIL SPACING 


INTERMEDIATE 
NAIL SPACING 


Figure 58-11. The proper single-nailing pattern ensures a sound connection between 
the gypsum board and wood framing member. Nailing should begin at the center of the 
panel and move outward. 


Typical Double-Nailin g Pattern 


mud m emen 


4' x 8' PANEL 


ff oo max 
O 


FOR WINDOW 
4: GD : CEILINGS „OPENING 
AND FRAME 
START NAILING 
IN CENTER AND : z 
WORK OUTWARD DOUBLE ^^ 


TOWARD EDGES MAENG 


m KU 
1%” TOTAL BOTTOM 
PLATE NAILING AREA 
BEHIND GYPSUM BOARD 


GYPSUM BOARD 


| 


SUBFLOOR 


TOP AND 
SIDE EDGE 
BOTTOM EDGE 
NAIL SPACING NAIL SPACING NAIL SPACING 


Figure 58-12. When double-nailing gypsum board, the second set of nails may be driven 
after the first set is driven across the entire panel, or the second set of nails in each row 
may be driven after the first set in each row is driven. Nailing should begin at the center 
of the panel and move outward. 
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GYPSUM BOARD TO METAL 


Reser 


GYPSUM BOARD TO WOOD 


Quik Drive U.S.A., Inc. 
Figure 58-13. Screws may be used to 
fasten gypsum board to metal or wood 
framing members. A drywall screwdriver 
is used to drive the screws. 


Tube-dispensed stud adhe- 
sive is used with screws or nails 
to fasten single-ply gypsum 
board to wood or metal fram- 
ing members. A 1⁄4” to %” bead 
is applied to each stud. See 
Figure 58-14. 


Figure 58-14. Stud adhesive is used with 
screws or nails to fasten single-ply gypsum 
board to wood or metal framing members. 


Laminating adhesives are 
used for multi-ply application. 
Some laminating adhesives are 
available in a dry powder form 
that must be mixed with water. 
Contact-type laminating adhe- 
sives are also available. 
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Laminating and stud adhesives 
are used to fasten gypsum board 
directly to concrete or masonry. 
The gypsum board panels should 
be temporarily braced until the 
bond develops strength. 


Finishing After all ceiling 
and wall panels are nailed in 
place, joints between panels 
are finished by painters or other 
tradesworkers called tapers who 
specialize in finishing gypsum 
board. See Figure 58-15. Gyp- 
sum board joints are filled with 
a joint compound and a strip of 
reinforcing tape is pressed into 
the compound. Two additional 
layers of joint compound, form- 
ing a topping coat, are applied. 
Each layer of joint compound 
must dry completely and may 
require light sanding before the 
next layer is applied. The final 
coat, called the finish coat, of 
joint compound is applied and 
feathered out on each side of the 
joint. Nail or screw dimples are 
also filled with joint compound 
and lightly sanded. 


Figure 58-15 


board joints. 


o 


layers of joint compound. 


Ph Joint compound i is cR to gypsum "e 
joint compound. 


EN e— is TÉ with t two 


Joint compound is also ap- 
plied to the inside corners. 
Reinforcing tape is folded and 
pressed into the compound. 
Metal corner beads, which 
reinforce outside corners, are 
installed and covered with joint 
compound. See Figure 58-16. 
When all joints, corners, and 
nail dimples have been treated 
and sanded, the wall is ready 
for painting. 


Figure 58-16. Metal corner beads reinforce 
outside corners of gypsum board. 


Finishing Gypsum Board — 


Rettore: em is — into 


de coat = joint re ST is 
applied and feathered. 


National Gypsum Company 


Figure 58-15. Gypsum board must be properly finished to ensure a smooth and even 
surface. 


Predecorated Gypsum Board 


Predecorated gypsum board has 
a decorative surface that does 
not require additional finishing. 
A popular predecorated gyp- 
sum board product is a gypsum 
panel covered with vinyl. A wide 
variety of patterns, colors, and 
textures are available. 

Predecorated panels can be ap- 
plied directly to wall studs or as 
the outside layer in a multi-ply 
system. The panels are fastened 
with adhesives, or with nails 
with colored heads that match 
the wallboard. 

Predecorated gypsum board 
panels are usually applied with 
the long edge in a vertical posi- 
tion. The joints may be exposed 
or covered with the types of 
molding shown in Figure 58-17. 


WALL PANELING 


Paneling is an attractive and 
fast way to finish an interior 
wall. Wood panel systems in- 
clude plywood, hardboard, or 
particleboard panels, as well as 
solid board applications. Panels 
surfaced with plastic laminate 
are also available. 


LINSIDECORNER | 


American Hardwood Export Council 


Exotic hardwood inlays complement surrounding hardwood paneling and molding. 


Plywood Paneling 


Most plywood wall panels have 
a hardwood veneer such as oak, 
ash, beech, walnut, birch, pe- 
can, or mahogany. However, 
softwood-veneer panels such as 
redwood, cedar, fir, and southern 
pine are also available. The sur- 
face may be plain or textured. See 
Figure 58-18. Plywood panels are 
usually V4" or 3%” thick. Thicker 
panels, such as #4”, are also avail- 
able. Standard sheet sizes are 4’ x 
8’ and 4’ x 10’. Longer lengths are 
available by special order. 


. QUTSIDE CORNER 


lu 


mU e 


Figure 58-17. Molding is used to cover joints and corners of predecorated gypsum 


board. 


Figure 58-18. Grooved softwood-veneer 
plywood wall panels create pleasant 
shadow lines. 


Most plywood wall panels 
are stained, sealed, and var- 
nished at the fabricating plant. 
Therefore, care must be taken 
not to scratch or damage the 
panels during installation. 

Panels may have a rabbeted 
or slightly beveled edge. When 
panels are placed together, 
rabbeted edges form a chan- 
nel joint; beveled edges form a 
V-joint. See Figure 58-19. Both 
types of joints create an attrac- 
tive shadow line between the 
panels. 
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CHANNEL 
JOINT 


Figure 58-19. Wall paneling may have rab- 
beted or beveled edges, forming channel 
or V-joints respectively. 


Preconditioning. Plywood pan- 
els should be preconditioned 
to room temperature for several 
days before they are applied to 
a wall. A good procedure is to 
stack the panels with strips be- 
tween them. See Figure 58-20. 
This allows air to reach the 
faces and backs of the sheets, 
conditioning them to room tem- 
perature and humidity. Precon- 


ditioning eliminates significant A E dges of m me paneling emm e 


shrinkage after the panels have 
been nailed in place. 


‘PLYWOOD PANELS 
- "STACKED FOR 


SKE E 
W: 


Figure 58-20. Plywood panels are stacked 
with wood strips between them for precon- 
ditioning to room temperature. 


Hardboard Paneling 


Hardboard panels are manufac- 
tured with a variety of patterns, 
including wood grain finishes 
that are similar to natural wood 
grain. Panels range from vs" 
to 1⁄4” thick. The 14” thickness 
should be applied only against 
a solid surface such as plywood, 
gypsum board, or plaster. Solid 
backing or furring strips spaced 
12" OC are recommended for 
V4" thick panels. Standard size 
sheets are 4’ x 8’, 


H4 should be straight within Via" per ft. 


National Wood Flooring Association 


Hardwood plywood paneling is typically stained, sealed, and varnished at the fabricat- 


ing plant. 
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Preconditioning. Hardboard is a 
wood-based product. Therefore, 
it will expand and contract with 
changes in the moisture content 
of the surrounding air. Panels 
should be separated and stacked 
on their edges to allow air to 
freely flow on both sides of the 
panels for at least 48 hours. 


Applying Wall Paneling 
The procedure for applying ply- 
wood wall panels is similar to the 
procedure for applying hardboard 
panels. The same methods and 
tools are used to cut and fit both 
materials. Plywood and hardboard 
wall panels can be fastened direct- 
ly to wood studs or furring strips 
(usually 1 x 2 wood strips) using 
nails or adhesives. For increased 
thermal and sound insulation, 
gypsum board is first applied as 
a base and the paneling is then 
glued to the gypsum board. 

All studs must be straight and 
plumb before panels are applied 
to them. Crooked framing mate- 
rial produces an uneven paneled 
wall surface. Correct any uneven- 
ness before applying panels. 
Badly warped or twisted studs 
should be replaced. 

Plywood and hardboard pan- 
els can be fastened directly to 
masonry walls with adhesives. 
This is not advisable, however, 
ifthe walls are uneven or subject 
to damp conditions. If the walls 
are uneven or if damp conditions 
exist, furring strips should be 
nailed or glued to the masonry 
and the panels fastened to the 
furring strips. 

In remodeling work, panels 
are often placed directly over the 
plastered or gypsum board surface 
of the existing walls. Frequently, 
these surfaces are very uneven, 
and furring strips should be used. 
A procedure for installing furring 
strips is shown in Figure 58-21. 
Shims tapered from %” thick to 
about 34” thick are used to plumb 
and straighten the furring strips 
where necessary. 


Installing and Aligning Furring Strips over Existing Walls 
Figure 58-21 E M—Ó S 1; a as emitur 
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A LINE 


|s LINE STAND-OFF 
BLOCK 


BOTTOM FURRING STRIP 


NAIL BOTTOM 
FURRING STRIP 


FURRING STRIP 


Stretch lines across top and bottom furring strips. Place 
blocks behind each end of lines (using gauge block the same 
thickness as line blocks). Straighten and shim furring strips 
where needed. 


HORIZONTAL FURRING 
STRIPS 16" OC 


—r— 
== 


6” | | ia 
160€ | 


AE 


[1] Using level and straightedge, plumb top and bottom furring 
strips at corners of room. 


1 


oc 


© Nail vertical furring strips 48” OC. Shim as required. 


Figure 58-21. Furring strips are installed over existing uneven walls to provide a smooth and even wall surface for plywood or hard- 
board panels. 


Before installing panels, deter- 
mine their arrangement on the 
walls. Figure 58-22 shows two 
possible ways for placing panels 
on the same wall. Whatever ar- 
rangement is used, panels should 
be set up around the walls so 
that panels with better matching 
grain patterns are next to each 
other. When the final panel ar- 
rangement has been determined, 
number the backs of the panels 
so they can later be installed in 
that order. 

The first panel must be plumb. 
Subsequent panels do not have 
to be checked for plumb if the 
first panel is plumb. Each panel 
must be permanently fastened 
into position before the next 
panel is placed. 


. Openings 


‘CONTINUOUS 


BREAKING PANEL JOINTS OVER DOOR AND WINDOW OPENINGS 


Figure 58-22. Panels can be positioned so that a continuous joint occurs on each side of 
the door or so joints break over the openings. 
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Holes for electrical outlets, 
switches, or other openings must 
be laid out on the panel before 
the panel is set in place. See 
Figure 58-23 for the layout pro- 
cedure. The openings may be cut 
before the panel is set in place 
using a keyhole saw or jigsaw, 
or they can be cut in the panel 
when the panel is in place using 
a cutout saw. 

When cutting the opening be- 
fore the panel is set in place, the 
item requiring an opening is used 
asa pattern for marking the open- 
ing. See Figure 58-24. The outline 
is made slightly larger than the 
item. Starter holes are drilled in 
the inside corners of the outline. 
A jigsaw or cutout saw is used to 
cut along the marked lines. If a 
jigsaw is not available, a keyhole 
saw can be used, although it is 
not as efficient. 

When cutting the opening with 
a cutout saw after the panel is set 
in place, the center of the open- 
ingis marked on the exposed face 
of the panel. The cut is started at 
the center, moving toward one of 
the outer edges of the opening. 
When the bit contacts the edge 
ofthe item requiring an opening, 
such as an electrical outlet, the 
bitthen follows the edge until the 
opening is created. The panel is 
then pushed into place. 

A typical method for apply- 
ing wall panels is shown in 
Figure 58-25. 


Joints and Corners. New pan- 
els have a straight "factory" 
edge. Therefore, joints between 
panels usually do not require 
planing in order to fit properly 
against each other. Slight im- 
perfections are hidden by the 
shadow line. 

When the top and bottom of 
a panel are covered by mold- 
ings, the top and bottom edges 
do not need to be scribed. See 
Figure 58-26. In contemporary 
construction, ceiling molding is 
usually not installed, so the top 
of the panel must be scribed to 
the ceiling. 
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Laying Out Switch and Outlet Boxes on. 
Wall Panels 


Figure 58-23 


POSITION Sdp 
OF SECOND 3. 
.— [WALL PANEL 


— BOTTOM 
KB OUTLET BOX PLATE 


Q Measure over from previous panel or wall to one side of switch and outlet boxes. 


o Transfer measurement to second panel and also mark width of boxes. 


© Measure up from floor to bottom of switch and outlet boxes and also mark top 


dimension of boxes. 


© Transfer measurement to second panel and also mark top dimension of box. 
Mark outline of boxes for hole openings. Cut holes slightly larger than boxes. 


Figure 58-23. Holes for electrical outlets and other openings must be laid out before the 
panel is set in place. The openings may be cut before or after the panel is positioned 
using a cutout saw. 


We 


p onl 


Figure 58-24. The item requiring an opening—in this case an electrical box—is used as 
a pattern for marking a panel opening. 


Installing 4x8 Wall Panels over Stud Walls _ 
Figure 58-25 = | 


FIT 5TH PANEL INTO CORNER (SEE BELOW). / 
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PLUMB PANEL AND i 2ND 3RD 4TH "A 
PANELED WALL TACK IN POSITION PANELED WALL PANEL PANEL PANEL PANEL 
| 


Position and fasten remaining panels. Mark and cut out 
door and window openings. Fifth panel wiil be cut and 
fitted into corner. 


1) Using a level, plumb and tack first panel into position. 
Scribe panel to adjoining wall and ceiling. 


cut out window opening. Nail panel to stud wall. 


o Cut or plane corner edge of first panel until it fits. Mark and 


H LAST. PANEL (ie 


í; 
1 


NALE | BEING FITTED | 


STUD 


CORNER 


MEASURE 
AND MARK 
1" AT TOP 

AND BOTTOM| 


BOTTOM PLATE 


4 il Topo f 
bi 1 EPUA Pow | 
PANEL FITS NEATLY 7: 

INTO CORNER 


Measure and make mark [B) Tack last panel (the one Place masking tape the Accurately cut to within 146” 
1" back from the edge of being fitted into the corner) length of panel to be cut of line. Plane down to the 
fourth panel. Mark both to these top and bottom where the scribe line will line using slight back angle. 
top and bottom of panel. marks. be marked. Set scriber to Fit panel neatly into 

exactly 1”. Scribe down position. 


along wall and panel edge. 


When fitting last panel, begin with piece slightly wider than widest distance of space to be filled. Proceed with steps A through D 
as illustrated above. 


Figure 58-25. When installing wall panels over stud walls, the edges of the panels must fall over the centers of the studs. 


CEIL IG Ton { BOTTOM 
x : = OF PANEL 


GYPSUM BOARD 


MOLDING 


BASE 
MOLDING 


GYPSUM BOARD 


TOP 
OF PANEL 


—-SUBFLOOR-— — 1 


à 


Figure 58-26. Base and ceiling moldings 2 
eliminate the need to scribe the top and 
bottom panel. 


American Hardwood Export Council 


Wall paneling can be applied to irregular or curved walls. 
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Inside and outside corners do 
not have to be fitted carefully if 
they are to be covered by mold- 
ings. See Figure 58-27. If no 
molding is used on an inside 
corner, a scriber must be used as 
shown in Figure 58-28. If mold- 
ing is not used on an outside cor- 
ner, the corner may be mitered. 
See Figure 58-29. However, these 
corners are difficult to miter prop- 
erly and can be easily damaged 
after mitering. A better method 
of finishing corners is to fit a cor- 
ner strip flush with the panel as 
shown in Figure 58-30. 


ANSI/AHA A135.5, Prefinished 
'! Hardboard Paneling, covers the 
requirements and methods for 
testing the dimensions, squareness, 
edge straightness, and moisture 
content of prefinished hardboard 
paneling and for the paneling 
finish. Hardboard panel finish is 
specified as Class I or Class Il. 
Class Il finishes have limited 
resistance to heat, humidity, and 
steam and are not designed to 
be used where these conditions 
are excessive, such as around 
furnaces, showers, and bathtubs. 


Fastening Methods. Nails or 
adhesives may be used to fas- 
ten wall paneling. Finish nails 
for paneling should be long 
enough to penetrate 94" into the 
studs or furring strips. When 
using grooved panels, drive 
nails into the grooves located 
in the body and along the edge 
of each panel. If panel edges are 
chamfered, place the nail along 
the chamfer. See Figure 58-31. 
All nails except those that are 
colored to match the paneling 
must be set below the surface 
with a nail set. The nail heads 
are later concealed with wood 
putty that matches the finish of 
the panel. 
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Covering Inside and Outside Corners 
AOUR SE 
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INSIDE CORNER OUTSIDE CORNER 


Figure 58-27. Molding is often used to cover the inside and outside corners of interior 
paneling. 
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IF NECESSARY, FOR TIGHT 
AND ACCURATE FIT AT CORNER | 


Figure 58-28. A panel must be carefully 
scribed to the other wall when no molding 
covers the inside corner. 


anels may be mitered if 


molding is not used on an outside corner. 
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Fit panels to each side 
of outside corner. 
Panel edges must be 
plumb and straight. 


deh EN 
Nail corner strip in place 
and set nails. Plane, 


scrape, and sand as 
required. 


wood corner strip that 
matches wood type 
and grain. 


Figure 58-30. Flush application of panels on outside corners is easier than mitering and 
panel edges are less susceptible to damage. 
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Figure 58-31. Nails are less noticeable 
when driven along the bevel or into the 
grooves of a panel. 


For plywood wall panels that 
are not fastened with an adhe- 
sive, space finish nails 6” OC 
along the panel edges and every 
12” OC at the intermediate studs 
or furring strips. For hardboard 
panels, space nails 4” OC along 
the edges and 8” OC at the inter- 
mediate points. 

Most paneling, especially hard- 
board paneling, is fastened with 
adhesive rather than nails. A few 
nails may be required to hold the 
panels in place until the adhesive 
sets. Adhesive is applied for the 
sides and top and bottom edges 
of the panel in a 1%” continuous 
strip behind the panel joints and 
at the top and bottom plates. 
Adhesive is applied in 3" long 
beads, 6” apart at the intermedi- 
ate studs or furring strips behind 
the panel. See Figure 58-32. The 
panel is pressed into place with 
firm, uniform pressure so the 
adhesive spreads evenly and the 
panel is tacked at the top. See 
Figure 58-33. The panel is then 
grasped at the bottom along both 
edges and slowly pulled away 
from the stud. See Figure 58-34. 
After two minutes, the panel is 
pressed back into position. 


ri Hardboard paneling can be bent ^ 
! depending on the board type, 


thickness, and curvature radius. _ 


Figure 58-32. Adhesive is applied in 3" 
long beads, 6" apart, at intermediate studs 
or at furring strips behind the panel. 
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Figure 58-33. A wall panel is pressed 
into place after the adhesive has been 
applied. 


= 


; But. ioco tco aiio HES os ee 
Figure 58-34. After the panel has been 
pressed against the adhesive, it is grasped 
at the bottom along both edges and 
slowly pulled away from the stud. The 
panel is then pressed back into position 
after 2 min. 


Solid Board Paneling 


Solid board paneling consists of 
solid wood boards, usually 34” 
thick and 4” to 12” wide. Soft- 
wood species such as redwood, 
fir, pine, hemlock, spruce, and 
cedar are used. Finishes are 
smooth, textured, or rough (re- 
sawn). Solid board paneling is 
generally placed horizontally 
or vertically, although diagonal 
designs are sometimes used. 
See Figure 58-35. Four common 
types of solid board panels in- 
clude the following: 


e board-on-board 

e board-and-batten 
e tongue-and-groove 
e channel-rustic 


Figure 58-35. Solid board paneling may 
be applied horizontally. 


Board-on-board and board- 
and-batten systems must be 
applied vertically. Tongue- 
and-groove and channel-rustic 
systems can be applied verti- 
cally or horizontally. Nails are 
driven into each stud or every 
row of blocking or furring strips. 
Face nails should be set below 
the surface and covered with 
wood putty. 
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In tho oae ona parcam Solid Board-on-Board cab 
one 8d nail is driven at the center is 
Iria Ss 36 


of each underboard. See Figure 
58-36. Top boards should overlap 
underboards a minimum of 1”. 
The top board is fastened with | "ua 
two 10d nails, one in each edge. TGS let lel ET ' YS VITRE TL | TOP BOARD 
Ensure the top board nails clear 4 i qr "UH ue d e e| 
the underboard to allow for ex- 
pansion and contraction. 

In the board-and-batten sys- 
tem, one 8d nail is driven at the 
center of each underboard. See 
Figure 58-37. The underboards 
are spaced approximately 1⁄2” 
apart. One 10d nail is driven at 


We care oque etin F 58-36. When installing board-on-board wall ling, dri 8d nail at th 
3 E " igure 58-36. en installing boara-on-boara wali paneling, arive an nail a e 
In the serene and MS aS center of the underboard. The top boards should overlap the underboard a minimum of 
tem, boards 4” to 6” wide are 1". Fasten the top board with two 10d nails. Make sure the nails clear the underboard 
blind-nailed with 6d finish nails to allow for expansion and contraction. 


driven at a 45? angle. See Figure 
58-38. Blind-nailing eliminates 
the need to countersink and 
putty the face nails. 

In the channel-rustic system, 
boards up to 6" require only one 
face nail. Boards 8" or wider also 
require a face nail at the center of 
each board. See Figure 58-39. 


a "NAIL CLEARS ~ 
f UNDERBOARD 


FURRING S STRIP. - 


Vertical Application. When 
boards are fastened vertically 
to a stud wall, blocking must 
be placed between the studs. 
See Figure 58-40. Masonry CORR UM | | TONNE VA E 
walls require horizontal furring p oos ihe cae HP ALES 

Se: Figure 58-37. When installing board-and-batten wall paneling, drive an 8d nail at the 


i Before solid board paneling center of the underboard. The underboards are spaced approximately V?" apart. Drive a 
is installed, the boards should 10d nail through the center of the batten. 


first be arranged along the wall -— 
so the grain and other features i and- Groove Faneliag 
can be matched as closely as rag OR EU EE 

possible. See Figure 58-41. Cut geen FNS STRIP. 

openings for electrical outlets 
and vents in the boards before 
they are placed. 
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Before installing solid board 
A paneling, precondition the panel- 
ing to allow it to acclimate to 
the moisture conditions of the 
room and fo prevent excessive 
shrinkage. Approximately 7 to 
10 days prior to installation, 
stack the boards in the room 
with wood strips between them. 


Figure 58-38. When num tongue-and-groove wall paneling, 4" and 6" widths can be 
blind-nailed with 6d finish nails driven at a 45? angle. This method eliminates the need 
to countersink and putty face nails. 
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Solid Channel-Rustic Paneling — — 
F igure 58-39 == FURRING STRIP : 


‘BOARDS OVER 8” | 
[ll WIDE REQUIRE 8a | 
|| NAIL AT CENTER 


Figure 58-39. When installing channel-rustic solid board paneling up to 6" wide, one 
face nail is adequate to secure the board. Widths over 8" require a face nail at the center 
of each board. 


Stud Wall Blocking and Masonry Furring Strips. 
Figure 58-40 


DOUBLE 
TOP PLATE 


j 
I 


VERTICAL 
1x2 BOARD PANELING 
FURRING 
STRIP 


BOTTOM PLATE 
STUD WALL 


Figure 58-40. Blockin g must be placed in a stud wall to provide a nailing base for verti- 
cal board paneling. 


Figure 58-41. Prior to installation, solid 
board paneling is arranged along the wall 
so wood grain and other features can be 
matched to each other. 


The inside corner board is 
placed first, in plumb position, 
and scribed if necessary to match 
the profile of the adjoining wall. 
The corner board is fastened 
securely before the next board is 
placed. If boards are to be glued, 
the adhesive is applied to the 
backs of the prefitted boards. 
Press the board against the wall 
so the adhesive spreads evenly. 
Remove the board, wait a few 
minutes, then push the board 
back into place. When tapping 
a board panel into place, use a 
piece of material with a grooved 
edge against the board. See 
Figure 58-42. The grooved edge 
will protect the board from dam- 
age. Face nail the board at the top 
and bottom with 8d finish nails. 


1 A 


Figure 58-42. When tapping a board panel 
into place, use a piece of material with a 
grooved edge against the board to avoid 
damaging the edge. 


A tongue-and-groove solid board paneling system is installed by blind-nailing. 
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The bottoms of the boards may 
be covered by, or may rest on top 
of, a base molding. The tops of 
the boards may also be covered 
by a ceiling molding. 


Horizontal Application. The 
procedure for placing solid 
board paneling horizontally 
is similar to the procedure for 
placing exterior board panels 
(siding) horizontally. The first 
row must be perfectly level. All 
butt joints between the boards 
should be staggered and fall 
over a stud. 


PLASTIC LAMINATE 
WALL COVERING 


Originally, plastic laminate was 
used almost exclusively to sur- 
face kitchen and bathroom coun- 
tertops. Today, plastic laminate 
is also used to cover shelves, 
doors, cabinets, and entire wall 
surfaces. 

Plastic laminate is very hard 
and smooth, and is composed 
of three or four layers of plastic 
material bonded under high 
heat and pressure. Many dif- 
ferent patterns are available, 
including imitation wood grain. 
See Figure 58-43. 


Formica Corporatian 


Figure 58-43. Plastic laminate wall pan- 
els are available with an imitation wood 
grain finish. 
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Plastic laminate is available in 
V&2" and Ae" thick sheets. The Va" 
thick sheets are used for vertical 
application only. The sheets can 
be fitted and applied directly to a 
gypsum board surface with con- 
tact cement. However, plastic lam- 
inate is often premounted on 96" 
to %” plywood or particleboard 
panels, 16” to 48” wide and 8’ to 
10’ long. The panels can be fas- 
tened directly to studs or furring 
strips. Panels are also available 
with tongue-and-groove edges, 
which allow blind-nailing of the 
tongue edge. 

Most plastic laminate panel 
systems require a combination of 
nails, adhesives, and molding to 
fasten the panels into place. Panels 
sometimes used for office partitions 
are covered with plastic laminate 
on both sides and are set in tracks 
secured to the floor and ceiling. 


CEILING 


Acoustical and decorative ceil- 
ing tiles are another method 
for finishing ceilings. Ceiling 
tiles are especially practical in 


remodeling work since the tiles 
can be directly applied to existing 
plaster or gypsum board ceilings. 
Ceiling tile may also be used to 
form a suspended ceiling. In com- 
mercial construction, suspended 
tile ceiling systems are frequently 
used. See Figure 58-44. 

Ceiling tiles are fabricated from 
a variety of materials including fi- 
berboard, mineral fiber, and glass 
fiber. Various colors and designs 
are available. Acoustical ceiling 
tiles absorb sound from the room 
directly below the ceiling and are 
an effective means of controlling 
sound reflection. 

Many ceiling tiles have direc- 
tional arrows on the back. When 
installing the ceiling tiles, always 
orient the ceiling tiles in the same 
direction. Failure to orient the 
tiles properly will affect the ap- 
pearance of the ceiling pattern. 


i 


Suspended Ceiling 
Media Clip 


Figure 58-44. Suspended tile ceiling systems are frequently used in commercial 


construction. 


Applying Ceiling Tiles for 
Nonsuspended Ceilings 
For direct application to fur- 
ring strips or to an existing 
plaster or gypsum board ceiling 
in an average-size room, 12" x 
12” tiles, Ve" or $4" thick, with 
tongue-and-groove edges, are 
usually the most practical. See 
Figure 58-45. 

When installing ceiling tiles 
directly to an existing plaster or 
gypsum board ceiling, center- 
lines are snapped on the ceiling 
at a right angle (90?) to each 
other. Ceiling tile placement 
will begin from the centerlines, 
ensuring that the first row of 
tiles will be straight and square 
to each other. 

For ceilings with even-foot 
dimensions, such as 8' x 10' or 
10’ x 12’, and using 12" x 12” 
tiles, the center tiles are placed 
on each side of the centerlines. 
This placement results in full 
12" border tiles. See Figure 
58-46. For ceilings with odd-foot 
dimensions, such as 9’ x 13’, and 
using 12” x 12” tiles, the tiles are 
centered over the centerlines in 
order to produce full 12” wide 
border tiles. See Figure 58-47. 

Room dimensions are often 
in feet and inches; therefore, 
border tiles will not be a full 
12”. Border tiles on opposite 
sides of the ceiling should be 
the same width, and should be 
at least 6” wide. To ensure that 
the border tiles are the same 
width and at least 6” wide, add 
the width of one tile (12”) to 
the inch portion of the ceiling 
length or width dimension and 
divide by 2. The answer is the 
proper width for the opposite 
border tiles. See Figure 58-48. 

Border tiles can be cut by scor- 
ing them with a sharp knife and 
then snapping the tiles. A hand- 
saw or power saw can also be used. 
Tiles may be slightly undercut 
since molding usually covers 
the joint between the wall and 


12"x12" Ceiling Tile with Tongue-and-Groove | 
Edges 
Figure 58-45 
NARROW TONGUE - 


STAPLE DRIVEN INTO 
FURRING STRIPS 


GROOVE FOR 
TONGUE OF 


Ls: MATING TILE 
TYPICAL 


CEILING 
TILE 


SECTION VIEW - 
—FURRING STRIP 


Figure 58-45. Ceiling tile with tongue-and-groove edges are stapled through the wide 
flanges into the furring strips. 


Installing Tile for Ceiling with Even-Foot 
Dimensions i 
Figure 58-46 


Ega —— — 12-0” CEILING LENGTH 
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SNAP CHALK 
LINES TO 
MARK CENTER 
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CEILING TILES ARE 
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CENTERLINE 


Figure 58-46. For a ceiling with even-foot dimensions, the center tiles are positioned at 
each side of the centerlines. 


border tiles. The section of tile 
that is cut off will contain one 
of the tongued edges. Curved 
cuts, such as required around 
light fixtures, can be made with 
a compass saw or jigsaw. 


ue i 
Q cient sa can be used toe 
J E enings in ceiling tiles. Slowly 

s the bit into the tile until 
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Ifthe existing plaster or gypsum 
board ceiling is firm and in good 
condition, tile can be directly 
applied to the ceiling using ad- 
hesives. Centerlines are snapped 
on the ceiling. Tiles are applied at 
the center of the ceiling, working 
outward toward the walls. A 142” 
to 2" diameter bead of adhesive 
is placed about 2" in from each 
corner of the tile. The tile is then 
firmly pressed to the ceiling and 
against the adjoining tiles. 

In new construction, furring 
strips are fastened directly to 
the ceiling joists. For remodel- 
ing jobs, furring strips are often 
used when the existing plaster 
or gypsum board ceiling is wavy, 
|, E EC cracked, or flaking. The furring 
———————À ————— strips are nailed directly over 
Figure 58-47. For a ceiling with odd-foot dimensions, the center tiles are positioned so the existing ceiling with nails 
the centerlines align with the middle of the tiles. that are long enough to penetrate 
- À into the joists. Shims are used to 
Calculating Border Tile Size When Ceiling Is level low spots. Furring strips 


Measured in Feet and Inches | are placed 12" OC according to 
: — ———————— the layout established for the tile 
Pouer. 


s lines. Ceiling tiles are usuall 
— 13-4” CEILING LENGTH m 5 y 


fastened to furring strips with 
sm 
ee tee EIN 


" staples driven through the wide 
flange at the grooved edge. 
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Installing Tile for Ceiling with Odd-Foot 
Dimensions 


Figure 58-47 
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BORDER TILES 
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Applying Ceiling Tiles for 
Suspended Ceilings 


For a suspended ceiling, a light 
metal grid is hung by wire from 
the original ceiling or from ceil- 
ing joists. Tiles (typically 2’ x 
2’ or 2’ x 4’) are then placed in 
the frames of the metal grid. 
See Figure 58-49. Suspended 
ceilings are often used in com- 
mercial construction and in 
residential structures with high 
original ceilings. 


~8'-3” CEILING WIDTH= 
EDGE OF CEILING 


SEVEN FULL TILES d 

PLUS TWO 7/7" WIDE|Z 
BORDER TILES——;-: 
(EQUALS 8-3) 


For 13'-4" length, add 12” 
(width of one ceiling tile) 
and 4" dimension. Divide 
by 2. 


CEILING 


For 8’-3” width, add 12" (width of one ceiling 
tile) and 3” dimension. Divide by 2. 
12" + 


There will be seven full tiles plus two 7*2" wide 
border tiles across width of ceiling. Centerline 
will fall at middle of center row of tiles. 


12" + 4" - 16" «2 - 8" 


There will be 12 full tiles 
plus two 8" wide border tiles 
across length of ceiling. 
Centerline will fall between 
two center rows of tiles. 


3"-215"-2-2 Tw 


Figure 58-48. Border tiles on opposite sides of the ceiling should be the same width, and 
should be at least 6" wide. 
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CROSS TEE 


MAIN RUNNER 


Figure 58-49. Suspended ceilings are often installed in conunercial buildings. 


One advantage of a suspended 
ceiling is that it reduces the 
sound traveling from the floor 
above and increases the insulat- 
ing capability of the ceiling. 
Suspended ceilings also allow 
the use of recessed lighting. See 
Figure 58-50. Pipes, wires, and 
ductwork can be conveniently run 
above the suspended ceiling. 


Figure 58-50. Recessed lighting can be 
used with suspended ceilings. Plumbing, 
lighting, and ventilation fixtures must be 
properly secured to structural members 
above a suspended ceiling. 


The first step in installing a 
suspended ceiling is to snap lines 
on the wall to establish the correct 


height for the ceiling. A laser 
level is commonly used to estab- 
lish the ceiling height around the 
entire room. See Figure 58-51. 
Wall angles are fastened to the 
wall. Main runners of the metal 
grid are suspended from the ceil- 
ing or other structural elements 
with hanger wires. See Figure 
58-52. Cross tees are placed 
between the main runners and 
secured in position using tabs at 
the ends of the cross tees, which 
engage in slots of the runners. 
Finally, ceiling tiles are placed 
in the grid flanges. 


Figure 58-52. A suspended ceiling framework consists of main runners and cross tees, 


HANGER WIRE 


WALL ANGLE 


LAY-IN CEILING TILE 


Trimble Navigation Ltd. 


Figure 58-51. A laser level is commonly 
used to establish the suspended ceiling 
height at several locations along the 
wall. 


which are supported by hanger wires. Ceiling tile panels are supported by the runners 


and cross tees. 
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nterior doors are usually in- 
stalled after the walls have re- 
ceived their finish covering. 
The basic construction of an in- 
terior door differs little from an 
exterior door. Waterproof adhe- 
sive is required for exterior doors; 
it is not always used for interior 
doors. Standard exterior doors 


are 194" thick, while standard 


interior doors are often 134" thick. 
Some interior doors, however, are 
as thick as exterior doors. 


Stock sizes of interior doors 
range in width from 1'-6" to 
3'-0". Common door height is 
6’-8” in residential construc- 
tion and 7’-0” in commercial 
construction. 

A traditional interior door 
unit includes a doorjamb, stops, 
and a casing. See Figure 59-1. 
The doorjamb is the finish frame 
in which the door hangs. Stops 
hold the closed door in its prop- 
er position. Casing is the trim 
placed around a doorjamb. 

Another type of door unit fea- 
tures a doorjamb that is set back 
from the finish wall. No casing 
is required. See Figure 59-2. 


fabu! atas 


E Doorjamb edges are slightly 
^ beveled to fit the casing tightly. 


| 


and 


Hardware 


— SIDE CASING” 


Figure 59-1. An interior door unit includes 
a doorjamb, stops, and a casing. 


Figure 59-2. Recessed doorjambs are 
popular with some building designs. 


INTERIOR DOOR STYLES 


Two basic styles of interior doors 
are flush and panel doors. Flush 
doors, which have a smooth 
surface, are often used for inte- 
rior doors. However, traditional 
panel doors are very popular. 
Plywood veneer, hardboard, and 
vinyl are common finishes for 
interior doors. 


Flush Doors 


A flush door consists of a frame 
covered with plywood or hard- 
board face panels (skins) about 
6" thick. The two main types of 
flush doors are hollow-core and 
solid-core. 


Hollow-Core Doors. Hollow-core 
doors are less expensive than 
solid-core doors. One type of 
hollow-core door has a cellular 
core that provides backing for 
the face panels. See Figure 59-3. 
Hollow-core doors are not recom- 
mended for exterior doors since 
they do not provide adequate in- 
sulation or security capabilities. 


Solid-Core Doors. Solid-core doors 
are heavier than hollow-core doors, 
provide better acoustical insula- 
tion, and have less tendency to 
warp. The core material is usually 
particleboard or staggered wood 
blocks. See Figure 59-4. One type 
of solid-core door has a fire-resis- 
tant mineral core and is known as 
a fire door. See Figure 59-5. 
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Figure 59-3. One type of hollow-core door 
has a hardwood frame and a cellular core, 
which is covered by veneer, hardboard, or 
vinyl face panels. A lock block is located 


where the door lock hole will be drilled. VENEER 
Figure 59-5. A fire door has a fire-resistant SIX-PANEL DOOR 
mineral core. 
Figure 59-6. Panel doors consist of rails, 
stiles, and panels. 
Panel Doors 
SOLID Panel doors are also known as 
ARTIS EE ARD DE stile-and-rail doors because stiles 
BACK 7 r (vertical members) and rails 
VENEER i (cross members) are doweled and 


2w' || glued together to construct the 

mms. frame. See Figure 59-6. Panels 
fit into the grooved edges of the 
frame. Panel doors are manu- 
factured in many designs. See 
Figure 59-7. 

Material for stiles and rails is 
usually 1%” or 134" thick. The 
material is available in solid 
pieces or in pieces made up of 
laminated layers and covered 
with a face veneer. See Fig- 
ure 59-8. Panels may be plain 
or raised. Raised panels are usu- 
ally 34" thick plywood tapered 
at the ends to fit into the frame 
grooves. Plain panels are usu- 
ally 1⁄4” thick plywood. 

An effect similar to a panel 
door can be obtained by attach- 
ing molding to the surface of a 
flush door. Panel designs may Figure 59-7. Panels may be arranged 
also be routed on solid-core flush in various ways to provide different 


Figure 59-4. Solid-core doors may have a à 
particleboard or staggered block core. doors. See Figure 59-9. appearances. 
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Panel Door Construction — 
Figure 59-8 


SOLID RAIL 


WOOD 
CORE 
FILLER 
PIECES 


LAMINATED RAIL 


Figure 59-8. On panel doors, stiles and rails are solid pieces or laminated layers. Panels 
may be plain or raised. Raised panels are 3⁄4” plywood tapered at the ends to fit into the 
grooves of the frame. Plain panels are usually 1⁄4” thick plywood. 


18-PANEL CIRCULAR 
ROUTED 
DOOR PATTERN 


3-PANEL 
DOOR 


ROUTED 
PATTERN 


Figure 59-9. Solid-core flush doors may 


be routed out to provide the effect of 
panel doors. 
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Another type of panel door 
gives the appearance of beveled 
planks extending from the top 
to bottom rail with a horizontal 
piece placed at the lock level. See 
Figure 59-10. 


Figure 59-10. Plank doors give the 
appearance of beveled planks extending 
from the top to bottom rail, with a 
horizontal piece placed at lock level. 


FINISHING DOOR 
OPENINGS 


An interior door opening may 
be finished in several ways. The 
traditional method is to set the 
doorjamb first, attach the cas- 
ing and stops, and then hang the 
door. This method is still used, 
particularly in remodeling and 
commercial work. In residential 
and other light construction, various 
types of prehung door systems are 
most often used. Finish carpenters 
must be skilled in all the different 
methods of door installation. 


Construction Prints and 
Interior Doors 


Construction prints often include 
a door schedule, which provides 
the widths, heights, and thick- 
nesses of doors to be hung in the 
building. Some prints indicate 
door sizes on the floor plan. 
The direction in which a door 
swings is always shown on the 
floor plan. Section drawings are 
usually provided, indicating 
necessary information about 
the doorjamb, casing, and stop 
material to be used. 


Doorjambs 


A traditional jamb assembly in- 
cludes a head jamb and two side 
jambs. See Figure 59-11. The two 
side jambs are dadoed to receive 
the head jamb. Kerfs (grooves) 
on the back of the jamb stock 
prevent later cupping of the ma- 
terial. The back edge of the jamb 
should be slightly beveled to 
ensure a tight fit when the casing 
is nailed against the jamb. 

Two traditional doorjamb 
designs—rabbeted and loose- 
stop—are shown in Figure 59-12. 
The rabbeted design includes a 
one-piece jamb and door stop, 
and does not require an addi- 
tional stop to be attached. 

The total width ofthe doorjamb 
includes the width of the wall 
stud, plus the width of the wall 
finish material, plus %” to allow 
for small variations in the wall. 


A. standard-width doorjamb for 


2x4 stud walls covered with V2" Mee d SUID: eee 
gypsum board on each side is | Figure 59-12 SIDE 
45g" (312" + J” + 14” = 454"). CASING 


GYPSUM 
BOARD 


SIDE 
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SIDE JAMBS BOARD 


KERFS IN BACK 
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PREVENT FRAME 
FROM “CUPPING” 


Figure 59-11. A typical doorjamb assembly 
includes a head jamb and two side 
jambs. 


Assembling Doorjambs. Side 
jambs are delivered from the 
supplier a few inches longer 
than what is needed for the | Calculating Head and Side Jamb Lengths 
door opening. To figure the _ mm e o o T emersit a 
exact length needed, the neces- | Figure 59-13 HEAD Fa 

sary clearance under the door MEASURE à 

is added to the door height. See "| D 

Figure 59-13. If a thin finish | [4*3 

floor material, such as V&" vinyl | T i 
tile, is to be laid, %” clearance 
between the door and subfloor 
is adequate. If the floor is to be 
finished off with thicker fin- | =) | 
ish material, such as carpet or | Fo " BESIDE JANE 
hardwood flooring, additional | | |Z . Lu 

clearance is necessary. Ad- | Ji p US NEL 1 
equate clearance eliminates the F 
task of cutting the door bottom 
after installation. 

The width of the finish open- 
ing should be !&" greater than the 
door width. This minimizes the 
amount of planing required to 
fit the door. The total length of 
the head jamb includes the door 
width, the depth of the two dado Figure 59-13. Head and side jamb lengths must be calculated properly so the doorjamb 
cuts in the side jambs, plus Vg", fits in the rough opening. 


Figure 59-12. Two typical jamb designs are the rabbeted jamb and loose-stop 
jamb. 


FOR THICK — 
PADS AND RUGS 
ADDITIONAL CLEARANCE 
FOR HARDWOOD FLOORS 
DOOR CLEARANCE AND %” 
-- ABOVE SUBFLOOR FOR 


: ADDITIONAL CLEARANCE 
1%” VINYL FLOOR TILES 


|: 


FLOOR JOIST eee 


HEAD JAMB LENGTH SIDE JAMB LENGTH 


Unit 59 Interior Doors and Hardware 63 1 


When the head jamb and the 
two side jambs have been cut 
to their proper lengths, fasten 
them together with 8d box or 
casing nails. 

If the subfloor is concrete and 
thin flooring material is to be 
used, first determine whether 
the floor is level from one side 
ofthe opening to the other. If the 
subfloor is not level, compensate 
by cutting the side jamb to ac- 
count for the amount the floor 
is out of level. 


Installing Doorjambs. Tools 
needed for installing doorjambs 
are a carpenter's level, straight- 
edge with stand-off blocks at the 
ends, and framing square. Shims 
are used to plumb and straighten 
the side jambs. Finish nails (8d) 
are recommended for nailing the 
doorjamb into the trimmer studs 
of the rough opening. 

When first placing the shims 
to plumb and align the side 
pieces of the jamb, some car- 
penters drive a single nail at 
the center of the stock above 
or below (but not through) 
the shim. Screws may be used 


Instruction in proper door installation procedures is essential to ensure the correct fit 
and operation of doors. 
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to attach the doorjamb. This 
practice allows the shims to 
be readjusted, if necessary, 
without splitting them. 

After all the shims have been 
placed and the frame is per- 
fectly plumb and straight, nails 
are driven near the two edges 
of the jamb and through the 
shims. The shims are then cut 
flush with the jamb. The saw 
should be slightly tilted so as 
not to scar the edge of the jamb. 
A complete procedure for in- 
stalling doorjambs is shown in 
Figure 59-14. 


Stops 

Doorjambs that are not rabbeted 
require door stops. To lay out 
the stop position, measure back 
the door thickness plus an addi- 
tional 146”. Mark the doorjamb 
at intervals. Cut and fasten the 
top stop and then the two side 
stops. Tack the stops in place 
as they may have to be shifted 
after the door is hung. When 
the stop on the hinge side is 
permanently nailed, it should 
be 16” from the door. Many 
carpenters prefer to wait until 


the door lock has been fitted 
before permanently nailing the 
stop on the lock side. The stop 
is then adjusted to the door, 
allowing for a slight amount of 
movement when the door is in 
a closed position. 

Butt joints are most often 
used with door stops but miter 
joints may also be used. See 
Figure 59-15. 


FITTING AND INSTALLING 
DOORS 


For commercial construction, 
doors are commonly delivered 
to the job site pre-machined. 
However, in some cases, a door 
must be fitted before it is hung. 
A door must be held in a stable 
position while fitting and hang- 
ing it. A door holder (or door 
jack) is used to keep a door in 
an upright position. Manufac- 
tured devices are available, or 
a job-built door holder can be 
built with a wedge and a notched 
2 x 4. See Figure 59-16. Other 
tools required to fit and in- 
stall a door are a power plane, 
butt gauge or butt marker, 
wide chisel, hammer, and 
power screw driver. 


Fitting Doors 

Place the door in the frame. The 
door will easily slip into place if 
the doorjamb is %” wider than 
the door width. If the door is too 
wide, plane it to fit. 

With the door in the open- 
ing, check the sides and top. 
Using a scriber, mark where 
the door will have to be fitted. 
See Figure 59-17. Remove the 
door, place it in the holder, and 
plane where needed. Do not 
plane off too much at one time. 
The strike edge of the door is 
planed at approximately a 3? 
bevel so the leading edge does 
not hit the jamb as the door is 
closed. Frequently check the 
door in the opening to ensure 
proper fit and clearance. See 
Figure 59-18. 


Installing Interior Doorjambs 


Figure 59-14 
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D Set doorjamb in rough opening. Insert and adjust shims at o Using level and straightedge with stand-off blocks, plumb 
each side of head jamb so there is equal clearance on hinge side jamb by adjusting pair of shims at bottom of 
both sides of doorjamb (centered in rough opening). jamb. Drive finish nail above shims. 
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| 


| 
| 
| 


i 


REVERSE 
STRAIGHTEDGE 


[EEE U ULU 


| MU LL t FLOOR 


Q Reverse straightedge and place it against hinge side jamb. © Use framing square to adjust head jamb so it is square with 

Drive in shims as required to force jamb up against hinge side jamb. It may be necessary to cut small amount off 

straightedge. Be sure shims are 7” down from head jamb bottom of lock side jamb to allow it to drop down or it may 
and 11” up from floor. be necessary to lift jamb slightly off floor. 


DOUBLE TOP PLATE 


HOLDUP Ž 
SPACER BOARD © 


OFBOARD  . | i" CN | | | 36” UP TO 
, | Ad i | | | CENTERLINE 


MARK EXACT 
OPENING WIDTH 
ON SPACER 
BOARD 


Q Square one end of piece of material that is as wide as jamb. Use straightedge to align lock side jamb, driving in shims 

Hold at top of jamb and mark exact width of opening. where needed to force jamb up against straightedge. Be sure 

Square and cut on this mark. Place spacer board between there is a set of shims positioned 36" up from floor where lock 
bottoms of two side jambs. strike plate will be fastened. 


Figure 59-14. A carpenter's level, straightedge with stand-off blocks at the ends, and framing square are required when installing 
a doorjamb. 
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Door Stops | 
Figure 59-15 


STOP 


DISTANCE 
EQUAL TO 
DOOR 
THICKNESS 


o 
Z 
o 
«t 
o 
ul 
a 
[77 


SIDE JAMB 


Figure 59-15. Door stops may be mitered or 
butted. The top stop is always installed first. 


FLUSH DOOR 
HELD UPRIGHT 
IN SIMPLE HOLDER 


SHIMS 


SIMPLE DOOR 
HOLDER 


2x 4x 1-6” 


NOTCH FOR 
DOOR THICKNESS 
PLUS 1⁄2” FOR SHIMS 


Figure 59-16. A notched 2 x 4 and shims 
can serve as a door holder for fitting and 
installation operations. 
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MISFIT 
EXAGGERATED 


WHERE FITTING | 
IS, REQUIRED. p 
|L REMOVE DOOR | i! 


Figure 59-17. With the door in the 
opening, check the sides and top to see 
where the door may need to be fitted. 


GYPSUM 
BOARD 


Figure 59-18. The inside edge of the 
lock side of the door should be beveled 
approximately 3? to prevent the inside 
edge from scraping against the doorjamb 
as the door is closed. 


* Incsedidiely" after cutting and 
fitting a wood door, seal all cut 
surfaces and ends with a 

sanding or wood sealer. ..... 


Hanging Doors 


The hinge (butt) size required to 
hang a door depends on the thick- 
ness, width, and total weight of 
the door. See Figure 59-19. Most 
doors are hung with Joose-pin 
hinges. The pin that fits into the 
barrel of a loose-pin hinge is 
removable. As a result, the door 
can be removed from the frame 
without unscrewing the hinges. 
See Figure 59-20. 


DOOR HINGE SIZES 


1% to 1% 


Up to 32 34 
1% to 1% 321037. iy na à 
1%t01% ^ Upto32 — 44 
1% to 1% 32 to TE 5 opti 
1%t0 371043 | 5Exa 
e ii . Heavy 
Over tá up (0043  5Extra 
Heavy . 
Over 1% Over 43 - Ex 


t leaf length (in in.) 


Figure 59-19. Hinge size is identified by 
its leaf length. Hollow-core doors use two 
hinges. Heavier solid-core exterior doors 
require three hinges. 


Figure 59-20. The hinge pin of loose-pin 
hinges can be removed to allow the door 
to be taken out of the frame. 


Locating Hinges. After the door 
has been fitted, the location 
of the hinges can be laid out. 
Traditionally, the upper hinge 
is located 7" from the top of 
the door and the lower hinge 
is located 11" from the bottom. 
Another accepted method is to 
place hinges the same distance 
from the top ofthe door as from 
the bottom of the door—usu- 
ally 8" to 10". Heavier doors 
and doors over 6’-8” in height 
require a third hinge centered 
between the top and bottom 
hinges. The hinge leaves must 
project by at least one-half the 
casing thickness in the direc- 
tion that the door swings. See 
Figure 59-21. 


Figure 59-21. Hinge leaves must pro- 
ject from the door and doorjamb by at 
least one-half the casing thickness. 


A procedure for marking hinge 
locations on the door and jamb 
is shown in Figure 59-22. In this 
example, 7" and 11" hinge mea- 
surements are used. The door 
must be placed in the opening 
at the exact position it will hang, 
allowing 352" clearance between 
the top of the door and the head 
jamb. Lightly draw an arrow on 
the door edge indicating the top 
and hinge side of the door. The 


arrow will ensure proper place- 4 


ment of the door when it is taken 
out of the opening and placed in 
the door holder. 


Layin 
Figure 59-22 


PROPER CLEARANCE (352") 


HINGE SIDE JAMB = 


i m 


SHIM UNDER DOOR I. 


Position door in 
opening. Using shim 
beneath door, position 
it so there is proper 
clearance (352) 
between top of door 
and bottom of head 
jamb. 


Out Door Hinges - 


| 
| 
j 
| 
| 
| 
| 
| 
| 
| 
| 


etn 


Measure down 7” from Measure 11” up from 
top of door to top of 
upper hinge position. 
Mark door and jamb 
with sharp knife. 
Make pencil mark on 
the door and jamb 
indicating on which 
side of knife mark to 


bottom of door to 
bottom of lower hinge. 
Repeat procedure 
described in step 2. 

If third hinge is used, 
itis positioned 
midway between top 
and bottom hinges. 


position hinges. 


Figure 59-22. The door and jamb are marked at the same time when laying out the hinges. 
In this example, the upper hinge is 7" from the top of the door and the lower hinge is 


11^ from the bottom of the door. 


Mortising Gains and Installing 
Hinges. The door and doorjamb 
must be mortised (notched out) 
for the hinge to be flush with 
the surface of the wood. One 
method of layout is to place 
the hinge in position and mark 
around it with a sharp knife. 
See Figure 59-23. 


Figure 59-23. The hinge outline is marked 
with a sharp knife. 


Two tools that make hinge lay- 
out and mortising easier are a 
butt gauge and butt marker. Both 
tools quickly mark the door and 
doorjamb with the outline of the 
hinge and its depth of gain. The 
butt gauge has two cutters. One 
is adjusted to mark the depth 
and the other is adjusted to ac- 
commodate different door thick- 
nesses. See Figure 59-24. A butt 
marker automatically marks the 
hinge outline and depth of gain 
when it is struck with a hammer. 
See Figure 59-25. 


FLANGE 
SETSCREW 


Figure 59-24. A butt gauge is used 
to assist in hinge layout. Cutter A is 
adjusted to the width of the hinge gain. 
Cutter B is adjusted to the gain depth. 
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Figure 59-25. A butt marker is used for 
hinge layout. The hinge outline and 
gain depth are marked in the door and 
doorjamb when the butt marker is hit with 
a hammer. 

The gain should be removed 
with a butt chisel. Figure 59-26 
shows a procedure for mortising 
gains and installing hinges. After 
the gain is mortised, the hinge leaf 
is screwed in place. After one leaf 
of each hinge has been attached to 
the door, the jamb is mortised and 
the matching leaves are attached. 
When the door is hung, the leaves 
of the hinges are lined up and 
pushed together, and the loose pins 
are replaced. See Figure 59-27. 


D 


Hinge Mortising Templates 
Media Clip 


Figure 59-26 


| SCRIBED BY 
N BUTT GAUGE | 


CHISEL 
ey 
L 


CHIPS WOOD, ' 
DOOR EDGE ly A 


GAIN 
BUTT GAUGE . 


Q lines with butt gauge. 
Mark hinge lengths 
with flat side of chisel 
out. Pare down 
vertically to butt depth. 
Continue series of 
depth cuts across 
hinge area. 


Mortising Gains and Installing Hinges 


| CLEAR OUT CHIPPED 
WIDTH LINES | woop GAIN TO SCRIBED 
DEPTH LINE 


WOOD GAIN h 


HOLD CHISEL 
FLAT 


Scribe width and depth Hold chisel flat, bevel 
edge up, and clear out 
chipped mortise. Make 
several light cuts. 


Adjusting Hinge Clearance. A 
properly fitted door has equal 
clearance along the top and 
two sides; approximately vs" 
clearance is recommended. Too 
little clearance causes the door 
to bind. Too much clearance 
looks sloppy. The gap between 
the bottom of the door and 
floor should be 94" to 54" unless 
a threshold is to be installed. 
Proper clearances should be 


checked after the door is hung. 
Some clearances can be ad- 
justed without removing the 
door. Loosen the screws on the 
hinge leaf on the jamb or door 
and place a thin shim such as a 
cardboard strip toward the front 
or the back of the leaf, depend- 
ing on the desired direction of 
movement. Then retighten the 
screws. The leaf will move in or 
out as shown in Figure 59-28. 


A hinge-mortising template can be used to lay out door hinge locations and guide a 


router cutting the hinge gains. 


Hines NT c 
FASTEN LEAF 
LEAF |] TO EDGE OE 


CHIPPED 


FASTEN 
MATCHING 

/ HINGE LEAF 
TO SIDE JAMB 


Place hinge leaf in 
gain so head of loose 
hinge pin is toward 
top of door. Mark 
screw holes with an 
awl or nail set. Drill 
pilot holes if door 
frame is hardwood. 
Repeat steps 1 and 2 
on jamb and fasten 
matching hinge leaves 
to the jamb. 


Figure 59-26. A butt chisel is used to mortise the gain. The hinge should rest flush with 


the surface. 
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DOOR STOP 


LU À | a 


Figure 59-27. When a door is hung, line 
up the leaves of the door and jamb. 
Push the leaves together and replace 
the pin. 


Adjusting Hinge Side Jamb Clearance. Door Fit Problems. Most door 
eee in it fit problems are the result of 


ncm: improperly assembled or in- 
stalled frames. Prior to making 

c any adjustments, use the proce- 

Banco SEMIS AD dure shown in Figure 59-29 and 


outlined below to determine 

door fit problems and possible 
solutions. 

1. With the door closed, mea- 

sure the clearances at the 
head and both jambs. In- 
l consistent clearances on a 
3 ii LEAF, | given side may indicate out- 
: WR E" E REIR of-square frames, twisted 
LIGHTLY) | Jc! SLIGHTL jambs, or improperly posi- 

| d. Vs | - | tioned hinges. 

| K LM | | dl 2. Observe whether the door 

CAY + Ws is flush against the stops 

- of the jamb and the head. 
Incomplete contact may in- 
dicate that the frame is out 
of plumb, twisted jambs, or 
the door may be twisted. 

3. With the door ajar, observe 
whether the door remains 
stationary or moves invol- 
untarily. Involuntary move- 


ess Nie STRIP 54 
MID usas 


IN 


( 
| 


INSERT 
CARDBOARD 
SHIM STRIP 


CARDBOARD A 
SHIM STRIP |} 


To decrease clearance, place shim 
strip away from the edge of jamb. 
This will tip the hinge leaf IN. 


strip toward edge of jamb. This will 
tip the hinge leaf OUT. 


S N P 6 
NM ca NSERT ment indicates out-of-plumb 
NY ` Aa and/or twisted jambs. 


4. With the door open, place 
a framing square in the 
corner against the jamb and 
head rabbets to determine 
the squareness of the head 
to the jambs. Measure the 
opening at the head and 
floor. Out-of-square jambs 
and heads will cause incon- 
sistent clearances. 

5. Measure diagonally across 
corners in both directions 
and on both sides of the 
frame. If the measurements 
are identical, the frame 


CARDBOARD opening is square. 
pun 6. Determine the plumb of both 


jambs using a 6' carpenter's 
level or plumb bob. 


Door will be relocated in direction of 
arrow. Combination of steps 2 and 4 
will produce greater results. 


«^ In general, rough door openings < 
should be 2" more than the door 
width and 2/4" more than the 
door height. — 


arrow. Combination of steps 1 and 3 
will produce greater results. 


Figure 59-28. The clearance between the hinge side of the door and doorjamb is adjusted 
by placing a thin cardboard strip behind the leaf fastened to the doorjamb or door. 
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Fitting a Door 


kerne 


FRAMING 
SQUARE 


o Determine squareness of head to jamb. Q Measure diagonally across corners. 


Figure 59-29. Several measurements and observations must be made to determine door fit problems. 


Fitting and Hanging 
Doors Using Power Tools 
Doors can be fitted and hung 
more quickly and easily with 
power tools than with hand 
tools. A power plane is used 
to fit the door and quickly 
bevel the edge. Hinge gains are 
mortised with a router that is 
guided by a hinge-mortising 
template. Templates, which are 
adjustable for hinge size and 
spacing, are available from a 
variety of manufacturers. The 
template is placed on the door 
first and the gains are cut with 
a router that has been set to the 
proper depth. See Figure 59-30. 
Hinge screws are driven in with 
a power screwdriver. 
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Figure 59-30. A hinge-mortising template 
and a router are used to mortise the door 
edge and doorjamb for hinges. 


WALL 


DOOR | 


CARPENTER'S 


LEVEL 


Q Determine plumb of jambs. 


Installing Prehung Door 
Units 


A prehung door unit is a door 
that is already hinged in the 
frame. In addition, a hole is usu- 
ally predrilled for a lock and the 
door stops are tacked to the jamb, 
unless a rabbeted jamb is used. 

Prehung door units may be 
nonadjustable or adjustable. A 
section view of a nonadjustable 
prehung door unit is similar to 
a conventional jamb assembly. 
Figure 59-31 is a pictorial draw- 
ing based on a section view of a 
nonadjustable prehung door unit. 
The casing, mitered and cut to 
length, is delivered with the rest 
of the unit and is nailed around 
the jamb after it is installed. 


Adjustable (split-jamb) units f > mary ° — 
can is xe " E wall Nonad ustable Prehung Door Units. rewi 
widths. They are delivered with Figure 59-31 
the casing already nailed to the 
jamb section. Pictorial drawings 
based on section views of three 
kinds of adjustable units are 
shown in Figure 59-32. 


GYPSUM BOARD 


A corner block is a piece of 
decorative corner trim used 
primarily on window and door 
casing. Corner blocks are installed 
at the intersection of the top and 
side casings. Casing installation 
with corner blocks is different from 
standard mitered casings. The 
head casing and corner blocks are 
usually installed first. The side 
casings are then fitted, marked, 
and cut to the proper dimensions. 


ONE-PIECE 
SIDE JAMB 


LOOSE 
DOOR STOP 


Figure 59-31. The doorjamb of a nonadjustable prehung door unit is designed for only 
one wall thickness. 


Adjustable (Split-Jamb) Prehung Door Units _ 
Figure 59-32. ^ | ori 


GYPSUM BOARD 


TWO-PIECE | 
RABBETED 


SIDE JAMB 


TWO-PIECE 
RABBETED 
ADJUSTABLE 
SIDE JAMB 


DOOR STOP 
IS PART OF CASING TWO-PIECE | 
SIDE JAMB SLIP PIN | 
ADJUSTABLE |: 


SIDE JAMB Y Ga SM 


METAL PIN WITH 
LOOSE DOOR STOP 


em ad mU e: e co uo -— 


RABBETED WITH MILLED-IN DOOR STOP 


Figure 59-32. The doorjamb of an adjustable prehung door unit can accommodate different wall thicknesses. The loose stop 
is installed after the door is installed. 
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Prehung units can be installed 
more quickly than job-hung doors. 
Tools required to install prehung 
doors are a hammer, nail set, 
straightedge, and spirit level. Shims 
are used to plumb and straighten 
the jamb. A procedure for installing 
a nonadjustable unit is shown in 


Figure 59-33 


DOUBLE TOP 
PLATE 


LOCKSIDE BOTTOM 
JAMB PLATE 


HINGE SIDE 
JAMB 


Toward top of hinge side of door 
opening, adjust pair of shims to 12" 
thickness. Nail them to trimmer stud 
at a point that will be just below 


head jamb. pair. Nail them in place. 
HEAD JAMB HEAD JAMB 
CLEARANCE CLEARANCE 


| Installing Nonadjustable Prehung Door Units 


Figure 59-33. A procedure for 
installing an adjustable (split-jamb) 
unit is shown in Figure 59-34. 


SPECIALTY DOORS 


Double doors, sliding doors, and 
folding doors are commonly 


STRAIGHTEDGE WITH 
STAND-OFF BLOCKS 


Set pair of shims at bottom of 
trimmer stud. Using level and 
straightedge, adjust bottom pair 

of shims until they are plumb to top 


used for closets or utility closets 
to conserve floor space otherwise 
needed for door swing. Double 
doors, sliding doors, and folding 
doors often require specialized 
hardware, and information on 
their installation is normally sup- 
plied by the manufacturer. 


i 


] 
| | 

{ 

i | 

| 
i ] 

i ia 


Position jamb in rough opening. At top 
and bottom of hinge side jamb, drive 
nails through jamb and shims into 
trimmer stud. 


FORCING 
UP HINGE 
OR LOCK 
| SIDE JAMBS 


PLACE 
SHIMS 
BEHIND 
HINGES 


DETAIL A 


DETAIL B 


TO CORRECT HEAD JAMB CLEARANCE 


jamb before it is nailed. 


Hang door in opening. Check clearance between bottom of head jamb and top 
of door. If lock side of head jamb is too high, as shown in detail A, it may be 
corrected using a flat pry bar to force up hinge side of jamb. If lock side of head 
jamb is too low, as shown in detail B, it may be corrected by raising the lock side 


e proper clearance around door. Drive 


BEHIND 
STRIKE PLATE 


SHIM ALL AROUND 
JAMB AS REQUIRED 


Shim and adjust entire jamb to its 


nails through jamb and shims into 
trimmer studs. Be sure shims are 
placed behind hinges and lock strike. 


Figure 59-33. When selecting a nonadjustable prehung door unit, ensure the doorjamb width matches the wall thickness. 
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Installing Adjustable Prehung Door Units 


Figure 59-34 
SIDE VIEW 
HEAD 
CASING HEAD HEAD CASING 


CASING 


SPLIT-JAMB DOOR SECTION 


SPLIT- 
JAMB 
Ic - SIDE 
ma o x CASING 
OS ay ; [6] 
z € ; z 
E y [77 
oO H N W G E 
ul | ul = 
T "BE i 
[7] | e [7] i 
[9] o o o PLACE 
Z = z m LEVEL | 
o Oo oO z | a A 
ul ul | 
a a a I CASING 
[7) o0 on 


HINGE 
SIDE OF 
CASING 


— TONGUE 
AND GROOVE 


SPACER 
TABS 


DOOR HUNG IN SIDE 
THIS HALF JAMBS 


Unpack door unit and separate two 
halves. One half will have door attached 
by its hinges. Other half will have only 

top and side jamb and casing pieces. 


Position door and split-jamb half in 
rough opening. Plumb jamb by 
placing a level against side casing 
on hinge side of jamb. 


n 


Ji DOOR HEADERS 


HEAD 
CASING 


2 


GYPSUM 
BOARD 


7T/TO;TOP | 


WHEN 

JAMB IS 
PLUMB, NAIL 
BOTH SIDE 
JAMBS IN 


POSITION 


SIDE JAMB 


" FROM OPPOSITE 


FINISH 
SIDE or oc 


NAIL 


T 


IOOVE HALF 


GYPSUM 
BOARD 


‘BOTTOM 
OF HINGE | 


© When side jamb is plum fasten — MERC LA E | p nm | SIDE VIEW i 
Burcuohjapee to RUE Move to other side of wall. Place Slide — half of the State 
osition. (Spacer tabs ma be shims between jamb and trimmer into place, being careful to insert 
p d HE EEY stud at hinges, at lockset strike tongue of the door section into 
removed a plate, and wherever else required. groove of second half. Nail in place. 


Figure 59-34. Adjustable (split-jamb) prehung door units are installed in two sections. 
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Double Doors 


Double doors, consisting of two 
swinging doors in a single frame, 
are often found in office and pub- 
lic buildings. Often, one door is 
inactive. Inactive doors are held 
in place by flush bolts, a type of 
hardware that is mortised into 
the upper and lower part of the 
door edge. The inactive door can 
be opened when necessary by 
retracting the flush bolts. Usu- 
ally, however, only the active 
door is used for passage in and 
out of the room. The active door 
generally contains a lock with a 
knob or handle. 

The procedure for installing 
double doors is similar to install- 
ing a single door. The inactive 
door is fitted and set in place 
first. The active door is fitted to 
the inactive door and hung in 
the frame. 


Pocket Sliding (Recessed) 
Doors 
When a swinging door is imprac- 
tical, a pocket sliding (recessed) 
door may be used. Hangers with 
small wheels are fastened to the 
top of the door, enabling it to 
slide back and forth on a track 
mounted in the upper part ofthe 
frame. See Figure 59-35. When 
the door is opened, it slides into 
a pocket frame in the wall. 
Pocket sliding doors are pro- 
duced in standard sizes. Units 
include the frame, hangers, track, 
and other required hardware. 
The frame for a pocket slid- 
ing door is set in place when the 
wall is framed. 


Bypass Doors 


Bypass doors are commonly 
used for double closets where 
two or more doors are used to 
cover the closet opening. Bypass 
doors are suspended from tracks 
with roller hangers. Floor guides 
hold the bottoms ofthe doors in 
position. See Figure 59-36. 
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Pocket Sliding (Recessed) Door and Frame E 


Figure. 59-35 


DOUBLE 


TOP PLATE METAL TRACK 


BRACKET 


TRIMMER 
ISTUD 
|] 


HANGER 


J' DOOR GUIDE 
TOP VIEW 


DOOR HANGER IN RACK 


Figure 59-35. A pocket sliding (recessed) door frame is set in place when the wall is 
framed. The frames may be wood or metal. The doors are installed later. 


Bypass Doors 
| Figure 59-36 


s. 


"| (DOOR WIDTH IS ONE-HALF 
I | FINISH OPENING PLUS 1%” 


L FINISH OPENING IS 2X 
DOOR WIDTH MINUS 1” 


: i 

| 

TRACK || ] 4 HANGER | 
| - | 


134” 
MINIMUM 


| 

| 
| TRACKS 
| AND 
HANGERS 


TO FLOOR GUIDES OPEN TO 
ACCOMMODATE 34" DOORS ACCOMMODATE 1%” DOORS 


ADJUSTABLE FLOOR GUIDES 


Figure 59-36. Bypass sliding doors are suspended from tracks with roller hangers. 


Folding Doors 


Folding doors, particularly bi-fold 
doors, are frequently used for 
closet doors. Folding doors are 
available in flush, panel, or louver 
designs. Door thicknesses most 
often used are 114" and 196". Vinyl 
bi-fold doors are also available. 
In bi-fold door installation, 
the door adjacent to the jamb is 
secured at the top and bottom 
with a pivot pin and bracket. 
The second door is hinged to the 
first door. The top of the second 
door has a roller guide that slides 
along a track mounted to the 
head jamb. See Figure 59-37. 


Figure 59-37. Bi-fold doors are secured 
next to the jambs with pivot pins and 
brackets. The second door is hinged to 
the first door. A roller guide on the second 
door glides in an overhead track. 


Multifolding doors, also known 
as accordion doors, operate in a 
similar manner to bi-fold doors. 
Multifolding doors are used for 
closets, room entrances, and room 
dividers. See Figure 59-38. 

Multifolding doors are sup- 
ported by roller hangers that 
run along an overhead track. 
The door panels usually have 
a wood core and are surfaced 
with wood veneer, vinyl, or 
plastic laminate. Common door 
panel thicknesses are 3⁄4” and 94e" 


and common widths range from 
398" to 595". Spring hinges run 
horizontally through the panels 
and connect to a vertical wood 
molding that runs the entire 
length of the door. 


Figure 59-38. Multifolding, or accordion, 
doors fold against the door jambs. 


METAL DOOR UNITS 


Metal door units have been used 
in commercial construction for 
many years, and are now com- 
monly used in residential con- 
struction for increased security. 
The metal frames used in com- 
mercial construction are fastened 
to concrete and masonry, as well 


| Steel Door Frames for G 


as to metal and wood studs. 
Metal frames used in residential 
and other light construction are 
designed to be fastened to walls 
that have a gypsum board (dry- 
wall) finish. 

Metal frames are available for 
most standard door sizes and 
wall thicknesses. A typical steel 
door frame is made of 16-ga 
hot-dipped galvanized steel. 
See Figure 59-39. Aluminum 
frames are also available. Metal 
door units usually do not have 
to be trimmed after installation 
since the casing is molded into 
the frame. Steel and aluminum 
frames are available with or 
without prefinished coatings. 
Metal frames are fastened to 
concrete or masonry, as well as 
to metal and wood studs. 


psum Board Partitions 


HEAD JAMB _ 


BUILT-IN 


ADJUSTABLE 


ANCHORS 
FOR 
PLUMBING 


CORNER |] 
CONSTRUCTION 


Figure 59-39. Steel door frames are commonly used in commercial construction. A typical 
steel door frame is made of 16-ga hot-dipped galvanized steel. Note the recessed areas 
for the hinges and the lock strike plate. 
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Installing Metal Frames 


A metal door frame usually 
consists of three pieces and is 
installed on the job according 
to manufacturer instructions. A 
common installation method is 
shown in Figure 59-40. Hollow 
metal door frames may also be 
required to be fastened to the 
floor. Screws are driven through 
prefabricated clips inside the 
jamb and into the floor. 


Fastening Systems. The type of 
door frame installed in a wall 
opening determines the type of 
fastener required to secure the 
frame in place. See Figure 59-41. 
T-straps and wire anchors are 
specifically designed for instal- 
lation in masonry or concrete 
walls. T-straps and wire anchors 
must be installed in the masonry 
or concrete as the walls are being 
constructed. When installing a 
door frame in completed ma- 
sonry or concrete walls, holes for 
expansion anchors are drilled in 
the walls and bolts are used to 
fasten the door frame to the wall 
surface. Drywall compression 
anchors and strap anchors are 
used to secure metal frames over 
gypsum board (drywall). 


SSeciclcnator H3 Steel - 3 
Doors and Frames, covers ae ] 


- door sizes, types, materials, — 
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Steel Doors 


Interior steel doors are widely 
used in commercial construc- 
tion such as office and industrial 
buildings. Interior steel doors are 
available in most standard sizes 
and in 1%” and 13⁄4” thicknesses. 
Nonstandard sizes and thick- 
nesses can usually be special 
ordered. 
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Installing Metal Door Frames over Gypsum Board 


Figure 59-40 Push top of Push head jamb 
one side jamb over the wall. 
over the wall. Align tabs and 
Hold top of slots and slide 
jamb in place head jamb 
while pushing toward side 
bottom in jamb, engaging 
toward and tabs in slots. 


over the wall. 


GYPSUM 


GYPSUM 
BOARD 


DOOR FRAME 


Push top of Adjust each 
other side MAINTAIN LEVEL anchor until 
jamb over O all bear firmly 
wall and against the 
engage tabs trimmer studs. 
in slots. Plumb one 
Push bottom Q ANCHOR £ jamb and 

in toward I< SCREW « fasten it. 

and over mACCESS y cll Check to see 
the wall. HOLES sii that head jamb 
Level head 2 INSIDE 5 is still level. 
jamb. JAMBS gl Place spreader 


between jambs 
at bottom. 


Figure 59-40. When installing a metal door frame, one side jamb is first TS 
followed by the head and other side jamb. The jambs slip over the applied gypsum 
board. 


A metal door frame consists of three pieces and is installed according to manufacturer 
instructions. 


Steel Door Frame Anchors 


Figure 59-41 
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Figure 59-41. The type of door frame determines the type of fastener required to secure the frame in the door opening. 


Steel doors increase the security 
of offices. A high-density foam 
core, such as foamed-in-place 
polyurethane or polystyrene, en- 
sures high insulation values. Most 
steel doors are made of heavy- 
gauge galvanized metal skins en- 
closing a wood or steel frame. The 
skins may be plain or embossed 
with a wood grain texture. 

Steel doors have prepared 
hinge mortises and lock holes. 
Reinforcement is placed behind 
the door sections where hinges, 
locks, door closers, and other 


types of hardware may be placed. 
See Figure 59-42. 


Fire Doors. Steel doors used in 
office and industrial buildings 
are usually required to be fire 
doors. Fire doors are constructed 
with a fire-resistant mineral- 
material core that retards the 
passage of fire. 

Fire doors are rated by the 
length of time they will resist 
the passage of fire. Interior fire 
doors are rated as Class A, B, 
or C. Class A fire doors have a 


3-hourrating. Class A fire doors are 
used in openings in fire division 
walls and walls that divide a 
single structure into fire areas. 
Class B fire doors have a 1- or 
14-hour rating. Class B fire 
doors are installed in openings 
in enclosures of vertical commu- 
nications through structures and 
in 2-hour partitions, provided 
there is horizontal fire separa- 
tion. Class C fire doors have a 
34-hour rating, and are used in 
wall openings with a fire-spread 
rating of 1 hour or less. 


Unit 59 Interior Doors and Hardware 64.5 


Fire doors must also be 
equipped with special hard- 
ware to be effective. Fire doors 
must be self-closing and self- 
latching, and steel ball bearing 
hinges must be installed. 


DOOR LOCKS 


Locks are installed in doors 
after the doors have been hung. 
A lockset consists of the work- 
ing components and the trim 
pieces, which are visible. Trim 
pieces include the knob or lever, 
escutcheons, rose, and cylinder. 
Escutcheons are decorative 
metal plates placed against the 
door face behind the knob and 
lock. The rose fits against the 
door and, in some locksets, 
holds the lock in place. The 
cylinder is the part of the lock 
that contains the keyhole and 
tumbler mechanism. 

In new construction, a lockset 
is installed in the unfinished 
door unit and then removed 
while the door is painted or 
stained. After the door is fin- 
ished, the lockset is reinstalled. 
Another procedure is to make 
the first and final installation on 
the finished door. 

The door hand is the direc- 
tion in which a door swings. See 
Figure 59-43. A left-hand door 
hinges on the left and opens 
inward. A left-hand reverse door 
hinges on the left and opens out- 
ward. A right-hand door hinges 
on the right and opens inward. A 
right-hand reverse door hinges on 
the right and opens outward. 
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Figure 59-42. The face of a flush steel door is made of 20-ga steel. Pieces of 12-ga steel 
reinforce sections where the lock and hinges are to be installed. The holes are drilled 
and tapped to receive flathead machine screws. 


Door Hand 
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| Left-hand hinges Left-hand reverse 


are on left and door | hinges are on left 
opens inward. and door opens 
outward. 


Right-hand hinges 
are on right and 
door opens inward. 


Right-hand reverse 
hinges are on right 
and door opens 

outward. 


DEDHO E 


FRONT DOOR 
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OUTSIDE OF DOOR 
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BATHROOM 


The outside of an exterior 
door faces street side of 
an entrance. 


The outside of an interior 
door faces a hallway or 
passageway. 


In doors that open between 
rooms (bedroom and bath), 
the key side is considered 

the outside of door. 


Figure 59-43. The door hand is the direction in which a door swings. Always face the 
outside of a door when determining the door hand. 
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A lockset consists of the working components and the visible trim pieces. 


Many locksets are reversible, 
meaning that they can be ad- 
justed to operate in doors that 
swing in either direction. Other 
locksets, as well as other kinds 
of door hardware, are designed 
to work only on doors that swing 
right or only on doors that swing 
left. Be sure to identify the door 
hand before ordering door hard- 
ware, including locksets. 

To determine door hand, 
always consider that you are 
standing on the outside (exterior) 
ofthe door. The outside of a door 
is a hallway or passageway of an 
interior door or the street side of 
an exterior door. In doors that 
open between rooms, the keyed 
side of a lock is considered the 
outside of the door. 

Types of locks include cylindri- 
cal, tubular, mortised, and dead- 
bolt. For greater security, more 
than one type of lock may be used 
ona door. Each type is available in 
a variety of designs and finishes. 


Cylindrical and Tubular 
Locks 
Cylindrical and tubular locks are 


bored locks, meaning that holes 
must be drilled in a door to install 


the locks. The locks are operated 
with a button or key located in 
the door knob or lever handle. See 
Figure 59-44. The cylinder con- 
tains the tumbler mechanism into 
which the key fits. If the keys are 
lost or stolen, the tumbler can be 
replaced and the lock will operate 
with a new set of keys. 


STRIKE 


PLATE y CYLINDER 


KNOB 


# 


BOLT 


ESCUTCHEON TUMBLER 


d " 


~“ LEVER 


Baldwin 


Figure 59-44. For a cylindrical lockset, 
the cylinder is located within the knob. 
The cylinder contains the tumbler 
mechanism in which the key fits. Locks 
are operated with a knob or lever. 


Another type of bored lock 
is a grip-handle lock. See Fig- 
ure 59-45. For a grip-handle 
lock, the latch is retracted by a 
thumbpiece on the outside of 
the door or by an inside knob. 
The cylinder is located above 
the knob. 


e 
CYLINDER 


THUMBPIECE 


GRIP 
HANDLE 


IR Security & Safety 


Figure 59-45. On a grip-handle lock, the 
cylinder is separate from the knob. 


A. cylindrical lock is consid- 
ered a better-quality lock than 
the tubular lock and is designed 
for long life and maintenance- 
free operation. A tubular lock is 
less expensive and more simply 
constructed, and does not have 
the strength or smooth working 
action of a cylindrical lock. 


Operation. In cylindrical and 
tubular locks, the latch unit 
engages with a latch-retractor 
device in the main body of the 
lock. When the door knob or 
key is turned, the latch bolt 
is pulled back into the door. 
When the knob is released, the 
latch bolt springs back to its 
original position. 


Door locks are categorized by 
1 "grades." Grade 1 door locks meet 
commercial building requirements. 
Grade 2 door locks meet light 
commercial requirements and 
exceed residential building 
requirements. Grade 3 door locks 
meet residential building 
requirements. 
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When the door is in a closed 
position, the latch bolt is en- 
gaged by the strike, which is 
a metal plate mortised and 
screwed into the doorjamb. See 
Figure 59-46. 


Figure 59-46. The strike plate is mortised 
into the side jamb. 


Two types of latch units are 
the spring latch and deadbolt 
latch (or deadlocking latch). See 
Figure 59-47. A spring latch can 
easily be forced open by a piece 
of plastic. Therefore, it should not 
be used on entrance door locks. 
A. deadbolt latch has a small 
plunger (guard bolt). When the 
door is closed and the latch bolt 
has slipped into the strike, the 
plunger remains in a retracted 
position. The plunger locks the 
latch in place so that it cannot 
be moved. 


PLUNGER 


SPRING 
LATCH 


DEADBOLT 
LATCH 


Figure 59-47. A deadbolt latch provides 
greater security than a spring latch. 
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Keyed and Nonkeyed 
Locks 


For a typical cylindrical or tubular 
lockset used on entrance doors, 
the key cylinder is on the exterior 
side of the door. A pushbutton or 
turnbutton is located at the center 
of the interior knob to lock the 
door from that side. Pushbuttons 
and turnbuttons disengage and 
unlock the door when the interior 
knob is turned or when the key is 
inserted and turned. Non-keyed 
locks may have a pushbutton or 
turnbutton device on one side, or 
none on either side. 


Installing Locks. In residential 
construction, the height of a 
lock from the floor to its center 
is usually 36”. In public and 
office buildings, lock height is 
usually 38”. New locksets are 
supplied with manufacturer 
instructions for installation and 
a template for marking holes to 
be drilled. When installing cylin- 
drical and tubular locksets, first 
drill the large hole running from 
face to face using a hole saw or 
lockset bit in an electric drill. 
A standard auger bit inserted in 
an electric drill is used for the 
smaller latch unit hole. 

In some situations, a carpenter 
may need to install a lockset 
without a template or manufac- 
turer instructions. A procedure 
for laying out and boring the 


holes and for marking the mor- 
tise for the latch unit faceplate is 
shown in Figure 59-48. 


Setting Strike Plates. After the 
lockset is installed, the position 
of the strike plate is laid out and 
the doorjamb is mortised for it. 
If the layout is done accurately, 
the door will be flush with the 
edge of the jamb when the latch 
engages the strike plate. In new 
door installation, there should 
bea slight amount of play when 
the latch bolt engages with the 
strike plate to prevent binding 
when the door and jamb are 
painted or stained. A procedure 
for establishing the position 
of the strike plate is shown in 
Figure 59-49. 


Installation Kits. Many lock 
manufacturers offer installation 
kits that include a boring jig that 
clamps to the door, drill bits for 
boring the holes, and special 
marking chisels for the latch and 
strike plates. The boring jig can 
be adapted for a number of dif- 
ferent backsets, door thicknesses, 
and latch unit holes of different 
diameters, and facilitates rapid 
and accurate drilling of the lock 
holes. The marking chisels score 
the door and jamb for the face 
plate of the latch unit and strike 
plate. The strike locator is used 
to mark the correct position of the 
strike plate on the jamb. 


The doorjamb must be mortised to accommodate the strike plate and box. The box 
mortise must be deep enough to allow the latch bolt to fully extend. 


Laying Out and Installing Cylindrical Locksets 
Figure 59-48 ai i 
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Measure height from floor to centerline 
of lock. Square line across edge and 
side of door. These lines are horizontal 
centerlines of cylinder lock and 

latch bolt. 


Measure and mark backset, which is 
distance from faceplate of lock to the 
centerline of cylinder housing. Backset 
is not same on all locks. Mark vertical 
centerline of latch bolt hole on edge 


Bore hole Vie” larger than diameter of 
cylinder housing. Begin boring from 
one side of door, but do not bore 
completely through as this will cause 
wood to split out. Stop when you see 


of door (center of door thickness). ip break through surface. 


|| FINISH BORING 

"T ICYLINDER LOCK] 

HOLEFROM |, 
THIS SIDE 


boring hole from opposite side. This 
will produce neat, clean hole and avoid 
splitting surface wood grain. Carefully 
align pilot bit tip in existing hole. 


around four sides of faceplate. Remove 
latch unit and mortise marked area 
to provide flush fit. 


breaks into previously bored cylinder 
housing hole. Centerlines of cylinder 
housing and latch unit should 
intersect. 


Figure 59-48. When a manufacturer template is not provided, a carpenter must lay out and bore holes for a cylindrical lockset. 


Installing Strike Plates in Doorjambs 
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and box. 


E tan N 
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strike plate with 
centerline and 122” 
back from door edge 
marks. 


Place strike plate in 

position against latch 
| bolt. Mark edge of 
door and center of 
latch bolt. 


Doors should be located so they do not 
interfere with other doors when opened. 


Figure 59-49. If the strike plate is laid out and installed accurately, the door will be flush 
with the edge of the jamb when the latch engages the strike plate. 
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Mortised Locks 


A mortised lock is a sturdy, du- 
rable lock that has been used for 
many years. See Figure 59-50. 
Mortised locks are more costly 
and difficult to install than cy- 
lindrical or tubular locks and 
thus are used for specialized 
installations. However, together 
with heavy-duty entrance doors, 
mortised locks provide greater 
security than cylindrical or tu- 
bular locks. 


Figure 59-50. Mortised locks provide 
greater security than cylindrical or tubular 
locks. 


Mortised locksets are supplied 
with a template and manufacturer 
instructions. In remodeling work, 
however, an old mortised lock 
is often removed from one door 
and placed in another. For this 
reason, a carpenter must know 
how to install a mortised lock 
without a template. Figure 59-51 
shows a procedure for installing 
a mortised lockset. 


3 When installing:mortised locks,....... 
| some of the holes in the side of 
the door are not bored completely 
through the door. Refer to the 
manufacturer instructions when . 
installing mortised locks.— 
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= ALTE Out and Installing Mor 


Measure and mark 
height from floor to 
horizontal centerline 

of door handle. Measure 
backset from center of 
door stile and lay out 
centerlines for cylinder 
and door handle. 


CENTERLINE 


OF CASE 


DRILL 


Select drill bit slightly 
larger in diameter than 
thickness of lock case. 
Line up bit with vertical 
centerline and bore a 
series of overlapping 
holes slightly deeper 


Measure and mark 
door edge for top and 
bottom of lock case. 
(Allow 1” more in 
each direction.) Draw 
vertical centerline 

for boring guide. 


Finish cleaning out 
and shaping mortise 
with sharp chisel. 
Place lock case in 
door. Mark outline 
and mortise the door 
for faceplate. 


DOOR KN NOB 


MESA 


Bore cylinder lock and 
door knob holes. 


Assemble lock case, 
cylinder lock, and 
door handle in mortise 
and bored holes. 


than depth of lock case. 


Figure 59-51. A deep mortise must be created for a mortised lockset. 


Deadbolts 


A common way to increase se- 
curity of an exterior door is to 
install a deadbolt in addition to 
acylindrical lock. A deadbolt con- 
sists ofa solid metal bar that must 
be thrown (locked) and retracted 
(unlocked) with a knob or key. 
Deadbolts are usually keyed on 
the outside ofthe door and have a 
knob or handle on the inside. See 
Figure 59-52. Deadbolts are also 
available with a double cylinder, 
which is keyed on both sides. 


FACEPLATE 


Baldwin 
Figure 59-52. Deadbolts greatly increase 
the security of an entrance door. 


High-Security Locks 
High-security locks combine 
a cylindrical lockset and a 
deadbolt mechanism. See Fig- 
ure 59-53. The lock mechanism 
is protected by an armored plate 
on both sides of the door. Ad- 
ditional features make forceful 
entry very difficult. 
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Figure 59-53. High-security locks combine 
the features of a cylindrical lockset and 
a deadbolt. 


HINGES 


Hinges are available in a variety 
of styles, sizes, and finishes. 
Common hinges include loose- 
pin, fixed-pin, and ball bearing 
hinges. Specialized hinges in- 
clude self-closing, double-acting 
floor, and concealed hinges. 


Standard Hinges 


Loose-pin hinges offer the ad- 
vantage of removing the hinge 
pin, making door hanging and 
removal convenient. Fixed- 
pin hinges look identical to 
loose-pin hinges, but the hinge 
pin cannot be removed. Under 
certain conditions, fixed-pin 
hinges offer more security than 
loose-pin hinges. Ball bearing 
hinges are installed on heavy 
doors subject to a great deal 
of use, such as in schools and 
public buildings. Ball bearings 
in the hinges reduce wear at 
the knuckle joints. Ball bearing 
hinges may have a loose or fixed 
pin. See Figure 59-54. 
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Figure 59-54. Loose-pin, fixed-pin, and ball bearing hinges are commonly installed on 


swinging doors. 


A router can be used to create a mortise in the side jamb for the hinge. 


Specialized Hinges 
Self-closing spring hinges are 
often used on doors in public 
buildings to ensure the doors 
fully close. A door with self- 
closing spring hinges automati- 
cally returns to a closed position 
after it is opened. A coil spring 
mechanism in the barrel of 
the hinge can be adjusted for 
faster or slower closing action. 
A hex wrench, provided with 
the hinge, is inserted into an 
opening at the top of the hinge 
and the coil is adjusted for the 
desired rate of door close. A pin, 
also provided with the hinge, 
holds the spring in the desired 
position. See Figure 59-55. 
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Figure 59-55. A self-closing spring hinge 
is often installed on doors in public 
buildings. 
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A double-acting floor hinge 
allows a door to swing in two di- 
rections. The bottom of the door 
is notched to receive the hinge, 
and the hinge is fastened to the 
floor with a floor plate. The top 
of the door is held in place by a 
pivot piece attached to the door, 
which fits into a pivot socket 
mortised into the jamb. See Fig- 
ure 59-56. 

Concealed hinges are mortised 
into the door and doorjamb. No 
part of a concealed hinge is ex- 
posed when the door is closed, 
making the hinge tamperproof. 
See Figure 59-57. 


FLOOR PLATE 


Figure 59-56. A double-acting floor hinge 
allows the door to swing in two directions. 
The top of the door is held in place by a 
pivot piece attached to the door, which 
fits into a pivot socket mortised into the 
doorjamb. The bottom of the door is 
notched to receive the hinge, which is 
fastened to the floor with a floor plate. 
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Figure 59-57. Concealed hinges are 
mortised into the door and doorjamb. No 
parts of the hinge can be seen when the 
door is closed. 


OTHER DOOR HARDWARE 


While door locks and hinges are 
the primary pieces of hardware 
associated with doors, other door 
hardware such as door bolts, clos- 
ers, exit devices, and plates may 
also be specified on the prints. 


Door Bolts 


A flush bolt holds the inactive 
door of a double door in place. A 
handle mechanism is mortised 
into the edge of the door and a 
hole is drilled for the door bolt. 
See Figure 59-58. The handle op- 
erates the mechanism that moves 
the bolt up and down. Flush bolts 
can be installed to project into the 
floor or upper doorjamb. 


| Door Bolts — 


| Figure 59-58 
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Figure 59-58. Flush and surface door 
bolts hold the inactive door of a pair of 
double doors in a stationary position. 


A surface bolt performs the 
same function as a flush bolt. 
However, a surface bolt is mount- 
ed on the face of a door. 


Door Closers + 


Door closers are frequently used 
in schools, hospitals, and other 
public buildings. Door closers 
offer many benefits including 
preventing energy loss for air 
conditioned or heated facilities, 
greater security, and minimizing 
sound intrusion through open 
doors. Several styles of door clos- 
ers are available. Always refer 
to the manufacturer recommen- 
dations when selecting a door 
closer, as different door widths 
and weights require different 
types of closers. 

Door closers can be mounted 
on either side of a swinging 
door. However, door closers 
should always be installed on 
the inside of a building to pre- 
vent damage due to the weather 
and vandalism. When installed 
on an interior door, door closers 
are typically installed on the in- 
side of a room for aesthetics. 

A door closer should pro- 
vide a smooth and controlled 
closing action. A closer arm 
transmits motion to a cylinder 
within the closer housing by 
means of a rack-and-pinion 
gear. The force generated by a 
spring within the cylinder to 
close the door is controlled by 
turning an adjusting screw at 
the end of the cylinder. 

If a door opens into a building 
or room, a regular arm door clos- 
er is required. See Figure 59-59. 
If the door opens to the outside 
of a building or room, a paral- 
lel arm, top jamb-mounted, or 
drop plate-mounted door closer 
may be used. Parallel arm door 
closers are commonly used in 
situations where vandalism may 
occur, such as schools, since 
the arm is protected between 
the closer housing and door 
frame. Top jamb-mounted door 
closers are commonly installed 


on aluminum-framed glass 
doors. Drop plate-mounted door 
closers are common in older 
buildings. Drop plate-mounted 
door closers should be used 
with caution, however, as the 
drop plate reduces headroom 
clearance. Taller doors may 
need to be installed with drop 
plate-mounted door closers to 
maintain minimum headroom 
clearance required by the Inter- 
national Building Code. 


Door Closers | 


Figure 59-59. . 


Figure 59-59. Door closers are operated 
by hydraulic spring action. Various types 
of door closers are available. 


Exit Devices 


Exit devices, also called fire-exit 
bolts, are often mounted on doors 
of public buildings. Pressure on 
the touch bar of an exit device 
causes latch bolts at the top and 
bottom or side of the door to re- 
tract, making exit possible. See 
Figure 59-60. In certain applica- 
tions, exit devices are connected 
to monitoring devices to indicate 
entry and exit through the door. 
Door latches may be retracted 
or engaged automatically from a 
remote location. 
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Figure 59-60. Exit devices are mounted on 
doors of public buildings. Slight pressure 
on the touch bar will retract the latch bolts, 
allowing the doors to be opened. 


Door Holders and Door 
Stops 

Door holders and door stops 
are door hardware typically in- 
stalled after the doors are hung. 
Door holders keep the door in an 
open position. 5ee Figure 59-61. 
A door holder commonly used 
for lightweight and hollow-core 
doors is attached to the door with 
screws and has a lever that drops 
to the floor to wedge the door 
open. Another type of holder is 


mounted on the door and engages 
with a strike attached to the wall 
or floor. Magnetic strikes may be 
installed to allow the door holder 
to be disengaged from a remote 
location. A plunger type of door 
holder can be activated and re- 
lieved by foot pressure. A spring 
in the case retracts the plunger 
allowing the door to swing. 


Door Holders 


| Figure 59-61. 


Figure 59-61. A door holder keeps a door 
in an open position. 


Door stops prevent doors from 
bumping against the wall when 
doors are fully opened. Door 
stops are mounted on the wall, 
baseboard, door, or floor. See 
Figure 59-62. Door stops should 
be installed at the bottom or top 
of a door. 


Figure 59-62. A door stop prevents a door 
from bumping against a wall. 
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Push Plates, Kick Plates, 
and Door Pulls 


While door stops are designed 
primarily to protect walls, push 
plates, kick plates, and door 
pulls are designed to protect 
doors. In many applications, 
push plates, kick plates, and 
door pulls enhance the appear- 
ance of a door. 

Push plates and kick plates are 
frequently installed in schools 
and other public buildings 
where doors are in constant use. 
See Figure 59-63. Push plates 
are mounted at the center of a 
door, in many cases in lieu of 
a door knob or door pull. Kick 
plates are similar to push plates 
but are mounted at the bottom 
ofthe door. Push plates and kick 
plates are pushed with the hand 
and feet, respectively. 

Door pulls may be flush or 
may have a handle that projects 
from the door surface. Flush door 
pulls are mortised into sliding 
doors to provide a finger hold for 
opening and closing a door. See 
Figure 59-64. 
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Figure 59-64. Pulls are mortised into sliding doors to provide a finger hold for opening 
and closing the doors. 


CONSTRUCTING 
CABINETS 


Although carpenters on the 
job site are typically required 
only to install cabinets, they 
should have a basic knowledge 
of cabinet construction. Cabinet 
parts are fastened together with 
screws or nails. Nails are usu- 
ally spaced 6" OC, and are set 
below the surface. Surface holes 
are filled with wood putty. Glue 
is used at all joints to provide 


“Gabinet and 
: Countertop 
z Installation 


additional rigidity to the cabinet. 
Clamps are placed on cabinets as 
the glue sets to ensure a sound 
joint. A better-quality cabinet is 
rabbeted along the top, bottom, 
and sides to accept the back 
piece and strengthen joints. See 
Figure 60-2. However, butt joints 
may also be used. If panels are 
less than 3⁄4” thick, a reinforc- 
ing block should be used with 
the butt joint. See Figure 60-3. 
Fixed shelves are dadoed into 
the sides. See Figure 60-4. 


Figure 60-2. Rabbet joints make an at- 
tractive and sturdy fit for cabinet corners. 


Merillat Industries 


Figure 60-1. Most cabinets and countertops used in residential construction are located 


in the kitchen. 
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Figure 60-3. Butt joints may be used when 
constructing cabinets. A reinforcing block 
should be installed in the corner if the 
material being used for the cabinet is less 
than 94", 


Figure 60-4. Dado joints provide good 
support for cabinet shelves. 


Cabinets may have a face 
frame that attaches to the front 
of the cabinet and a web frame 
that attaches to the top. See 


Cabinet Joints 
Figure 60-6 
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Kitchen Base Cabinets _ 
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Figure 60-5. On a typical base cabinet, a face frame attaches to the front of the cabinet 
and a web frame attaches to the top. 


Figure 60-5. The rails and stiles 
of the face frame are joined by 
mortise-and-tenon, dowel, or 
plate joints. See Figure 60-6. 
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Figure 60-6. The rails and stiles of the face frame of a cabinet may be joined by mortise-and-tenon, dowel, or plate joints. 
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Cabinet backs are best attached 
by rabbeting the back edge ofthe 
cabinet sides. See Figure 60-7. A 
deeper rabbet makes it possible 
to scribe the side against an un- 
even or out-of-plumb wall. 


SS Nim 
APA—The Engineered Wood Association 


M 


Figure 60-7. Cabinet backs are best 
attached by rabbeting the cabinet sides. 
At left, the back is flush with the edge of 
the sides. At right, the rabbet is deeper 
and the side projects about 1⁄4” past the 
back, making it possible to scribe the side 
against an uneven or out-of-plumb wall. 


There are many methods of 
drawer construction. Three 
common methods are dovetail, 
lock-shouldered, and square- 
shouldered. See Figure 60-8. 

A variety of drawer slides are 
available. See Figure 60-9. Draw- 
er slides are installed prior to 
cabinet installation. Manufactur- 
er instructions provided with 
the slides provide allowance 


Shims are placed under the base when leveling base cabinets. 


Drawer Construction _ 
Figure 60-8 I 
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Figure 60-8. Drawer sides are joined to 
the front or back with dovetail, lock- 
shouldered, or square-shouldered joints. 
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dimensions for drawer open- 
ings and depth, and installation 
procedures. 

Drawer slides are designed 
for loads of various weights. In 
general, side-mounted drawer 
slides with ball-bearing rollers 
can carry more weight than 
bottom-mounted, single-rail 
drawer slides. 

Wood drawer guides are seldom 
used because of the construction 
time required. In addition, wood 
drawer guides may stick in areas 
of high humidity. When wood 
drawer guides are used, the 
guides are attached to the sides 
of the drawer or inside openings 
of the cabinet, depending on 
drawer design. 


| The 32 mm System, or System 32, 
= cabinet construction is a type of 
frameless cabinet construction. 
The 32 mm System was developed 
in Germany after World War Il due 
to depleted solid wood resources. 
The 32 mm System standardized 
cabinet case construction and 
hardware mounting. 


INSTALLING KITCHEN 
CABINETS 


The kitchen cabinet detail draw- 
ing found in the prints of the 
three-bedroom house plan (refer 
to Unit 30) includes the widths 
and heights of the cabinets and 
the height at which wall cabi- 
nets are to be placed. See Figure 
60-10. Spaces for kitchen appli- 
ances, such as a refrigerator and 
dishwasher, are also indicated 
on the drawing. 

The combined widths of the 
cabinets should be compared to 
the total distance of the wall on 
which they are to be mounted 
before cabinets are installed. This 
can be easily done by cutting a rod 
the exact length of the wall and 
marking on the rod the cabinet 
widths and widths of any win- 
dows or any space provided for 
appliances or other purposes. 
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Figure 60-9. Drawer slides allow drawers to be easily opened and closed. The slides may be mounted on the side, on the bottom, or 
under the drawer. 
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KITCHEN CABINET DETAILS 
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Figure 60-10. Detail drawings provide information for the layout and placement of kitchen cabinets. 
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A typical kitchen consists of a 
series of base cabinets and a series 
of wall cabinets along one or more 
walls ofthe room. Wall cabinets are 
more easily installed before base 
cabinets to avoid awkward lifting 
over the base cabinets. Care should 
be taken when installing cabinets 
as the wall surfaces may already be 
finished. Basic principles of instal- 
lation are as follows: 


1. Construct T-braces, which 
are slightly longer than the 
distance from the floor to the 
cabinet bottom. A T-brace 
supports the cabinets while 
they are being fastened to 
the wall. See Figure 60-11. 
A cleat may be fastened to 
unfinished walls to support 
the cabinets. 

2. Place another T-brace along 
the cabinet front to prevent 
cabinets from tipping for- 
ward while they are being 
fastened to the wall. See 
Figure 60-12. 

3. Using shims where neces- 
sary, plumb and level each 
cabinet while it is being 
installed. Use wood screws 
long enough to penetrate into 
the studs. Better-quality cabi- 
nets have mounting rails, or 
hanging rails, at the top and 
bottom. See Figure 60-13. 

4. Some carpenters may prefer 
to fasten a set of wall cabi- 
nets together on the floor 
and hang the set as one unit 
on the wall. Other carpen- 
ters install one cabinet at 
a time on the wall. Which- 
ever system is used, wood 
screws are driven through 
the stiles at the face frames 
of the cabinets to fasten the 
cabinets to each other. Small 
bar clamps or C-clamps are 
used to temporarily hold the 
frames tightly together. See 
Figure 60-14. 

5. Level and plumb the base 
cabinets, and fasten them to 
the wall. See Figure 60-15. 


Figure 60-16 shows a procedure 
for installing kitchen cabinets. 


Installing Wall Cabinets 
Figure 60-11 n > >F 
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Figure 60-12. A T-brace prevents a cabinet 
from falling forward while it rests on the 
back T-brace. 
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Figure 60-13. Screws driven through 
mounting rails and wall surfaces fasten 
cabinets to wall studs. 
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@ Plumb and shim wall cabinet. o Level and shim wall cabinet. 
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BEING FASTENED TOGETHER 


Figure 60-14. Cabinets are fastened to 
each other with wood screws driven 
through the face frame stiles. C-clamps 
may be used to temporarily hold the stiles 
tightly together. 


Figure 60-15. After wall cabinets have 
been installed, level and plumb base 
cabinets and fasten them to the wall. 
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Laying Out and Installing Kitchen Wall and Base Cabinets 
Figure 60-16 "ie mt La Ne — 
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| | 9 Determine locations of 
—À studs behind wall surface. 
Mark stud positions 


Cut rod equal to exact length between side walls. Measure 
and mark widths of wall cabinets plus window and 
refrigerator spaces. (Base cabinets can be marked on other 
side of rod.) 


Using the rod, mark 
positions of cabinets 
on wall. 
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TAPE MEASURE 


Measure down the height 
of wall cabinets (30”) on 
each side of window and 
draw level line to mark 
bottom of wall cabinets. 


Measure down 15" to 
establish bottom line for 
wall cabinets installed 
over refrigerator. 


Measure up 84" from floor 
and draw line to mark top 
edge of wall cabinets. 


Establish level line on 
wall for top of wall 
cabinets. 


Place T-brace with 
top slightly below 
pencil line. Support 
an = a Uu mv ex 37. cabinet back on 

TS 1 7 ip i | | us d this T-brace while 

i i t supporting front 
with another T-brace 
or carpet-padded 
brace. Plumb, level, | 
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T-BRACES MOUNTING mounting rail and ja 
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16" OC: | 
WALL CABINETS | E 


LEVEL PENCIL LINE MARKS TOP OF CABINET 


Set base cabinets 
against wall. Use 
shims to plumb 
cabinets and fasten 
them in position. 
Drive screws 
through mounting 
rail into wall studs. 
When leveling long 
lengths of base 
cabinets, start on 
the high side of the 
floor. 


On some cabinets, the 
stile on wall side of face 
frame is made wider so 
it can be scribed to wall, 
as shown in 10A. A 
simpler method is to 
use a scribe strip as 
shown in 10B. 


SHIM 


| BASE CABINETS 


Figure 60-16. The proper procedure must be employed when installing kitchen wall and base cabinets. The kitchen cabinet details for 
this installation are shown in Figure 60-10. 
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Cabinet Doors and Hinges 


Cabinet doors may be hung in 
a cabinet shop or by carpenters 
on the job. If cabinets are racked 
out of square during transpor- 
tation or installation, prehung 
doors may be thrown out of 
alignment. For this reason, 
many carpenters prefer to hang 
cabinet doors on the job. 

The more commonly installed 
cabinet doors are flush, lipped, 
overlay, and sliding doors. See 
Figure 60-17. Various hinges 
and other hardware are avail- 
able for each type of door. Fig- 
ure 60-18 shows several types 
of hinges used to hang cabinet 
doors. Hinge size depends 
on the weight and size of the 
doors. Hinges are available 
with a variety of finishes in 
plain and ornamental designs. 


Flush Doors. Flush doors are 
similar to other swinging doors 
and are the most difficult to 
hang. Flush doors must be fit- 
ted in the cabinet opening with 
i6” clearance around all edges. 
Unequal clearances indicate 
poor worksmanship. 

An ornamental surface hinge, 
concealed hinge, or semi- 
concealed loose-pin hinge may 
be used on a flush cabinet door. 
A semiconcealed loose-pin 
hinge looks like a standard 
loose-pin hinge when the door 
is closed, but its design allows 
greater holding power between 
the hinge leaf and cabinet door 
back. 


Lipped Doors. Lipped doors 
are simpler to install than flush 
doors since the lip allows for a 
certain amount of adjustment. 
A semiconcealed hinge is often 
used with lipped doors. The 
hinge may be self-closing or may 
require a catch to hold the door 
in a closed position. 


- Kitchen Cabinet Doors | 
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Figure 60-17. Four types of doors are often used for base and wall cabinets. Various types 
of hardware are available for each type of door. 
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Figure 60-18. Hinges connect cabinet doors to the cabinet frame or case. 
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| A tambour door is a flexible 
| sliding door consisting of narrow 
wood, veneered medium density 
fiberboard, or plastic slats bonded 
to a heavy canvas backing. A 
tambour door slides in curved 
tracks in the cabinet case top 

and bottom or sides. When 

open, the door is hidden. 


Overlay Doors. Overlay doors 
are common on frameless cabi- 
nets. Semiconcealed pivot hing- 
es are often used with overlay 
doors. A small bevel is required 
where semiconcealed hinges are 
placed at the top and bottom 
edges of the door. 


Sliding Doors. Several types of 
sliding doors are used on cabi- 
nets. See Figure 60-19. One type 
of sliding door is rabbeted along 
its upper and lower edges to fit 
into grooves at the top and bot- 
tom ofthe cabinet door opening. 
Thinner doors slide in a plastic 
track set into the bottom of the 
cabinet. The top groove is al- 
ways made deeper to allow the 
door to be removed by lifting it 
up and pulling the bottom out. 


Pulls and Knobs. Pulls and 
knobs for cabinets are available 
in many designs and finishes. 
See Figure 60-20. Holes must be 
accurately laid out for the ma- 
chine screws (or bolts) used to 
fasten the knobs and pulls. When 
several holes must be laid out on 
the same size doors or drawers, a 
jig should be constructed so the 
holes can be laid out accurately 
and efficiently. When attaching 
pulls or knobs to a cabinet door 
or drawer, drill from the exposed 
(outside) face to the unexposed 
(inside) face. To prevent the 
wood from splitting when using 
a drill bit, clamp a block to the 
back of the piece being drilled. 
See Figure 60-21. 


Door Catches. A variety of door 
catches are available to hold 
doors in place when they are 
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Figure 60-19. Cabinet sliding doors at least 34" thick may be rabbeted to slide in grooves 
at the cabinet top and bottom. Cabinet sliding doors thinner than 9A" thick are inserted 


in plastic tracks. 


shut. Some ofthe more common 
door catches operate by means 
of friction, magnets, or nylon 
rollers. See Figure 60-22. 


Installing Built-in Units 


Wardrobe closets, built-in book- 
cases, and storage cabinets are 
installed in a similar manner to 
kitchen cabinets. These perma- 
nently attached units often serve 
as room dividers as well. For ex- 
ample, a long base storage cabinet 
may divide the work area of the 
kitchen from the dining room. 


Figure 60-20. Drawer pulls and knobs are available in many designs and finishes. 


DRILL BIT 
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Figure 60-21. A block clamped to the back 
of the cabinet piece being drilled prevents 
the wood from splitting. 


Cabinet Door Catches 
| Figure 60-22 
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Figure 60-22. Door catches hold a door in place when it is shut. 


In some cases, built-in units 
cannot be securely fastened 
to walls using the same tech- 
niques used for kitchen cabi- 
nets. Therefore, the units must 
be secured to the floor. One 
method of securing built-in 
units to the floor is to fasten 
2 x 4s to the floor inside the unit 
and then drive screws through 
the toeboards into the 2 x 4s. 
See Figure 60-23. 


COUNTERTOPS 


Countertops are constructed in 
a cabinet shop and delivered 
to the job site where they are 
assembled and fastened to base 
cabinets after the cabinets have 


been installed. Plastic laminate 
and solid-surface materials are 
popular choices for kitchen and 
bathroom countertops since the 
materials are hard, durable, and 
highly resistant to heat, and 
resist stains or other damage. 
Ceramic tile, stone (granite and 
marble), and wood “butcher 
block” countertops may also be 
specified for installation. 

Many countertops have a back- 
splash, which is a piece along 
the back edge of a countertop. A 
backsplash rests against the wall 
when the countertop is installed. 
Backsplashes may be an integral 
part of the countertop or they 
may be installed separately. 


2 x 4s FASTENED 
TO THE FLOOR 


Figure 60-23. A freestanding cabinet can 
be secured by driving screws through 
the toeboards into 2 x 4s fastened to the 
floor. 


Plastic Laminate Countertops 


Plastic laminate used for counter- 
tops is approximately 146” thick 
and is available in a variety of 
patterns. Plastic laminate is cut 
with a table saw, radial-arm saw, 
circular saw, or jigsaw equipped 
with a fine-toothed blade. 

Contact cement is used to 
bond plastic laminate to its 
base core, which is usually 
34" plywood or MDO or HDO 
particleboard. Contact cement 
is applied to the back of the 
laminate and to the base core 
using a brush, roller, or sprayer. 
The contact cement is allowed 
to dry, usually 15 min to 20 min 
under normal conditions. To 
test for dryness, lightly press a 
piece of kraft paper against the 
adhesive. If no glue adheres to 
the paper, the surfaces are ready 
for bonding. 

Plastic laminate must be posi- 
tioned carefully when being 
bonded to the base core. Once 
the glued surface of the laminate 
contacts the glued surface of the 
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core, it can no longer be moved. 
To ensure correct positioning 
before bonding occurs, place 
narrow wood strips or dowels 
on the core at intervals and place 
the plastic laminate over them. 
When the laminate is correctly 
positioned, carefully remove the 
strips or dowels starting at the 
center and moving outward. The 
laminate is then rolled to ensure 
proper adhesion. When apply- 
ing plastic laminate for counter- 
tops, apply the edge strips first, 
then the top sheet. 

Plastic laminate is always 
cut slightly larger than the 
base core. After the laminate is 
bonded to the core, the lami- 
nate is trimmed with a laminate 
trimmer or router equipped 
with the appropriate laminate 
trimmer bit to cut and bevel 
the edges. 


Cutting Sink Openings. Sink 
openings may be cut out at the 
factory, although many car- 
penters prefer to cut the sink 
opening at the job site where 
the exact location and opening 
size required can be marked on 
the countertop. 

After the opening is cut out, 
waterproof caulk is placed 
around the edge of the open- 
ing and the sink is set in place. 
The sink is then secured with 
hold-down lugs on the under- 
side of the countertop. See 
Figure 60-24. 


Attaching Countertops. A base 
cabinet usually has a 1" thick 
frame at the top of the cabinet 
or triangular pieces in the cor- 
ners for attaching the counter- 
top. Holes are drilled through 
the frame or corner pieces and 
into the countertop. Screws 
are inserted into the holes and 
driven into the underside of the 
countertop. Ensure the screws 
are short enough so as not to 
penetrate through the plastic 
laminate. See Figure 60-25. 
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Kohler Co. 


Figure 60-24. The sink opening size is determined by the dimensions of the sink 


installed. 
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Figure 60-25. Screws are driven through 
the web frame and into the bottom of the 
countertop. 


Most solid-surface countertop 
manufacturers require that the 
purchaser of the material have 
completed training in the 
techniques and methods of 

. working with their brand of 


A solid-surface material seio ci 


Attaching Backsplashes. The 
pieces making up the back- 
splash are often fastened to 
the countertop when it is con- 
structed in the shop. Some 
carpenters, however, prefer to 
fasten the backsplash to the 
countertop on the job so they 
can make adjustments if the 
walls are out of square. 

If the wall behind the back- 
splash is irregular, the laminate 
strip at the top edge of the 
backsplash may require scrib- 
ing. For this reason, the strip 
is sometimes omitted. Figure 
60-26 shows a procedure for 
scribing and attaching this strip 
after the backsplash is secured 
to the countertop. 


Solid-Surface Countertops 


A solid-surface countertop is a 
popular choice for kitchens and 
bathrooms due to its durabil- 
ity and stain resistance. Solid- 
surface countertops are manu- 
factured from composite resin 
material, and are easily shaped 
with routers or shapers. 


Figure 60-26 
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good contact. 
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Dress edges with 
laminate trimmer. Block 
plane and smooth file 
can be used if laminate 
trimmer is not available. 


Figure 60-26. A plastic laminate strip at the top edge of the backsplash may need to be 
scribed and attached to the top of the backsplash after the backsplash has been secured 


to the countertop. 


Solid-surface materials are 
available in 1⁄4”, %2”, and 34" 
thicknesses and in a variety of 
colors, textures, and patterns. 
See Figure 60-27. The 12" 
and 34" materials are used for 
counter-tops; 1⁄4” material is 
used for edge strips and vertical 
applications. Countertop 
overhangs can extend past 
cabinet sides as much as 6" 
for %” thick counter-tops and 
8" for thicker materials. Solid- 
surface countertops should be 


supported every 18” for V2" 
thicknesses. 

Similar to other types of 
countertops, solid-surface 
countertops are delivered to 
the job site in sections and are 
placed in position on the base 
cabinets. To prevent flexing, 
solid-surface countertops must 
be properly supported during 
delivery and placement. Sup- 
port (typically 2 x 4s) should 
be positioned ap-proximately 
every 18". 


Formico Corporation 


Figure 60-27. Solid-surface materials 
provide outstanding durability and stain 
resistance. 


When installing solid-surface 
countertops, dabs of clear silicone 
sealant are placed on the base 
cabinet every 10" to 12". The back 
edge of the countertop is placed 
into position and the front edge 
is carefully lowered into position, 
keeping it as straight as possible. 
Seams between the sections are 
filled with a seaming compound, 
which is allowed to dry. Excess 
seaming compound and sur- 
rounding area is then sanded to 
create an invisible seam. 
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nterior trim is the molding 
that completes the finish 
around doors, windows, 
cabinets, and tops and bot- 
toms of walls. The molding 


should harmonize with the 
overall design of the building. 


For contemporary buildings, 
less molding, in simpler pat- 
terns, is appropriate. Some 
contemporary building designs 
completely eliminate molding. 
For traditional buildings, a 


greater amount of molding, | 
in more elaborate patterns, is- 


desirable. In commercial struc- 


tures, plastic or metal trim is | 


commonly installed. 


Solid wood molding has 
been, and continues to be, the 
predominant material used for 
interior trim. Installation of 
composite molding (molding 
made by combining various 
materials) has been on the in- 
crease in recent years. 


WOOD MOLDING 


Wood molding is manufactured 
from softwood and hardwood 
lumber, as well as composite 
material such as medium- 
density fiberboard (MDF). Soft- 
wood and composite molding 
may be stained, but is typically 
painted.Hardwood lumber is 
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used when a stain finish is 
preferred. 


Wood Molding 
Manufacture 


When manufacturing molding 
from solid lumber, a strip of 
lumber is resawn into a blank, 
which is a piece that will pro- 
duce the desired pattern of 
molding with the least amount 
of waste. See Figure 61-1. The 
blank is shaped into molding 
on a machine called a molder 
(or sticker). The molder is 
equipped with cutter heads 
and knives that rotate at high 
speed to create the molding 
pattern. Computer-controlled 
molders are used in many mills 


Figure ól- a 
d ROUGH-CUT 
ANA 
C dud NS 


Strip is ripped out of 
wider board. 


Strip is resawn into 
blank to produce 
desired piece of 
molding with the 
least waste. 


and shops which produce large 
quantities of molding. 

Medium-density fiberboard is 
cut to the desired width to cre- 
ate a blank. The blank is shaped 
into molding on a molder, simi- 
lar to the process for solid lum- 
ber molding. The MDF molding 
is then sanded and sealed with 
a paint primer. MDF molding 
is also available with veneer or 
paper overlays. 


Medium-density fiberboard..... . 
(MDF) molding with enhanced 
moisture resistance should be- 
used in bathrooms and for 
baseboards of slab-at- tt grade 
construction... = 


Resawn blank is run 
through molding 
machine, which 
creates desired 
molding. 


Figure 61-1. Softwood and hardwood lumber are used in the man ufacture of wood molding. 


Wood Molding Profiles 


A variety of wood molding pro- 
files (shapes) are available, de- 
pending on the purpose for 
which the molding is used. 
Molding is usually fastened in 
place with finish nails. Staples 
may also be used when installing 
molding. Nails are usually set be- 
low the molding surface. The nail 
holes are then filled with wood 
putty that matches the stain or 
paint finish. When prefinished 
molding is installed, nails of a 
matching color may be driven 
flush with the surface (and not 
set below the surface). 

Typical wood moldings are 
designed for the intersection of 
ceilings and walls or walls and 
floors and for door and window 
openings, astragals on double 
doors, and handrails. See Fig- 
ure 61-2. A sequence of interior 
molding installation is shown in 
Figure 61-3. 


Ceiling Molding. Traditional 
ceiling molding profiles used 
most often are cove, bed, and 
crown moldings. A small rect- 
angular trim piece may be used 
to cover the joint between finish 
wall paneling and the ceiling. 
However, in more contemporary 
buildings, ceiling molding is 
typically omitted. 


Base Molding. Base molding is 
installed at the base of a wall. 
Base shoes cover the joint be- 
tween the base molding and fin- 
ish floor covering. Base caps are 
nailed to the top of square-edge 
base molding if a more decora- 
tive effect is desired. 


Casing. Casing is used to cover 
the space between the doorjamb 
and wall on both sides of inte- 
rior door openings. Casing is 
also installed along the top and 
sides of window openings. 


‘Moldings 
Figure 61-2 


BASE SHOE BASE CAP 
BASE MOLDINGS 


QUARTER 
CASING ROUNDS 
eps 


ACTIVE 


ASTRAGAL CHAIR RAIL HANDRAIL 


Figure 61-2. Wood moldings are trim pieces at the juncture of walls and ceilings and 
floor and walls, and at intersections of other materials. 
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Interior Moldin 
Figure 61-3 


NAIL e 
CASING 
AROUND 
DOOR A e 
OPENING id | 


NSTALL DOORJAMB 
R 


l 
AND DOO 


BASE CAP | jf. "TR 
MOLDING | T^ i. | 
N 


ASE SHOE 
MOLDING 


g Installation 


Q INSTALL erus MOLDING 


DOOR HEAD CASING WINDOW HEAD CASING 


DOUBLE-HUNG m-————ÁN 


| um BB I 


| NAIL CASING AROUND 5 
| "WINDOW OPENING 


STOOL AND 
APRON 


= 


i 


6 INSTALL 
MULLION 


3 INSTALL BASE 
Ww MOLDING 


Figure 61-3. Molding is commonly installed along the floor and around doorand window 
openings. In some cases, ceiling molding is specified. 


Astragals. An astragal is fastened 
to the inactive door of a double 
door unit. The astragal acts as a 
stop for the active door. 


Rails. Handrails and chair rails 
are the two most common types 
of rails. A handrail is installed 
along a stairway to provide 
support for a person ascending 
or descending the stairway. A 
chair rail is installed approxi- 
mately 32” above the finish floor 


covering. Originally, chair rails 
were attached to plaster walls 
to prevent the back of a chair 
from damaging the wall surface. 
Today, the purpose of a chair rail 
is primarily decorative. 


COMPOSITE MOLDING 


In recent years, the use of com- 
posite molding has been increas- 
ing. Two examples of composite 
molding are plastic and gypsum 
molding. 


Americon Hordwood Export Council 


A chair rail is installed approximately 32” above the finish floor covering and serves a 


primarily decorative purpose. 


668 CARPENTRY 


Plastic Molding 


Plastic molding is made with 
polyurethane, polystyrene, or 
polyvinyl chloride foam, which 
is formed inside molds under 
intense pressure. Plastic moldings 
are high-density, strong products. 
The surfaces may be smooth or 
a wood grain may be formed in 
the surface. Plastic molding is 
manufactured in paint and stain 
grades. Plastic molding can be 
shaped to accommodate curved 
and irregular openings. 

Plastic molding is worked with 
hand and power tools in a similar 
manner to solid wood molding. 
Plastic molding is fastened us- 
ing a hammer and finish nails or 
a pneumatic nailer. Predrilled 
holes are not required for attach- 
ing plastic molding to walls. A 
continuous bead of construction 
adhesive is recommended along 
the line of the molding before 
nailing the molding in place. 


Gypsum Molding 


Gypsum molding is made with 
gypsum (a natural mineral) com- 
bined with glass fibers, burlap, 
jute, or steel. Gypsum mortar is 
placed in molds and formed un- 
der pressure to produce a wide 
variety of standard shapes. Cus- 
tom shapes can also be produced. 
Gypsum molding is intended only 
for interior applications, and is 
finished with paint. 

Gypsum molding is cut with 
a handsaw or power saw. Screw 
and nail holes must be predrilled 
when attaching molding, and a 
gypsum adhesive is required. 


TRIMMING DOOR 
OPENINGS 


Door casing is available in many 
designs. See Figure 61-4. Casing 
material is usually backed out. 
Backing out the material gives 
the molding flexibility, and pro- 
duces a tight fit even if there is 
unevenness between the jamb 
and the wall. 


Door Casings 
Figure 61-4 


BACKED-OUT 


AREA 


CONTEMPORARY 


TRADITIONAL 


Figure 61-4. Door casing patterns may be contemporary or traditional in design. Door 
casing is usually backed out to produce a tight fit. 


When nailed to the jamb, the 
casing should be held back V4" to 
54e" from the edge. This space is 
called a reveal. A reveal creates 
a better appearance and puts the 
casing out of the way of the door 
hinges. When tapered casing is 
used, the narrow edge is nailed to 
the jamb with 4d or 6d nails and 
the other edge to the wall studs 
with 8d nails. See Figure 61-5. 


4d NAILS 


GYPSUM BOARD 


B 


Va" TO 34e" REVEAL 
DOOR CASING 


Figure 61-5. Door casing is nailed to the 
trimmer stud and side jamb. 


^ Trim with a variety of profiles ^ 
can be combined (built up) to 
create larger profiles. T 


When fastening the side pieces 
of casing, begin nailing from the 
top and work down, spacing the 
nails 16" OC. If the piece must 
be straightened, nail into the 
trimmer stud first, then drive the 
adjoining nail into the jamb. 

A 45? miter is usually cut at 
the joints between the top piece 


and the side pieces of casing. 
See Figure 61-6. When freehand 
cutting with a handsaw, the 
miter angle is laid out with a 
combination square. When sev- 
eral openings are to be trimmed, 
a power miter saw may be used 
to make accurate. miter cuts. A 
job-built miter box may also be 
constructed to make accurate 


miter cuts. 


Figure 61-6. A 45? miter cut is usually 
required at the joints between the top piece 
and the side pieces of door casing. 


If a miter joint between the 
head and side pieces of the cas- 
ing does not fit properly, use a 
block plane to make a better fit. 
When nailing casing to a jamb, 
drive nails down from the top 
piece into the side pieces at the 
miter joint to prevent the joint 
from opening up later. Applying 
glue at the joint is also helpful. 
A procedure for trimming a tra- 
ditional door opening is shown 
in Figure 61-7. 


a 
" ^ ome 
Eu 


DeWALT Industriol Tool Co. 


sa 


A laser level may be used to ensure that a chair rail is level around an entire room. 
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Trimming Door Openings 221. | 


Figure 61-7 


'&' REVEAL |I il 
MARKS TIR 


Lay out side and head jambs at 
intervals for 14” reveal. 


POWER MITER BOX 
OR MITER SAW 


DRIVE NAIL 
AT EACH END 


SIDE CASING 


Lay out lengths of the two side 
casings. (Cut slightly longer in the 
event that they may be planed for 
proper fit.) Apply glue to the mitered 
ends of the head casing and side 
casings. Nail side casings to jamb. 
Drive nail at each end from the top of 
the head casing into side casings. 


Carefully cut two 45° miters and 
fasten head casing in place. 


Figure 61-7. When trimming a door opening, first mark the doorjamb at intervals for a 
V8" reveal. 


MIETEN 


STREET 


Miter joints may open up at the heel if there is excessive moisture in the building. 
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Miter Joint Movement 


Wood miter joints are known to 
open up after installation due to 
seasonal wood movement and 
moisture content. In addition, 
today’s wood moldings are typi- 
cally manufactured from younger 
springwood, which is more sus- 
ceptible to movement. 

As wood moldings dry out, the 
wood shrinks more across the 
grain than along the grain, pull- 
ing on the face of the miter. Also, 
since there is more width of the 
molding at the heel of the miter 
than at the toe of the miter, the 
angle of the miter increases and 
the heel opens up. See Figure 
61-8. Miter joints for interior ap- 
plications rarely open up at the 
heel unless there is excessive 
moisture in the building. 


Figure 61-8. More shrinkage occurs across 
the grain than along the grain of wood. 
Since there is more width at the heel than 
at the toe of the miter, the heel of the miter 
joint opens up. 


Trim Prefabrication 


Door and window trim can be 
prefabricated and assembled 
before the trim is fastened to the 
walls. Prefabrication is typically 
performed when there are multi- 
ple openings requiring trim, and 
can save labor and ensure strong, 
tight miter joints. Prefabrication 
involves measuring and cutting 
all the trim pieces before assem- 
bly on a table or workbench. The 
miter joints are glued with quick- 
set cyanoacrylate adhesive or 
high-quality wood glue. Glue not 
only helps bind the miter joints 
together, but also seals the ends 
against moisture intrusion. 


After the glue is applied, the 
miter joints are clamped tight 
with specialty clamps before 
the glue sets. See Figure 61-9. A 
glued joint will not reach its full 
strength unless pressure is applied 
tothe joint. Nails or counterbored 
screws are used to secure the 
joint, and biscuits or splines may 
be used to reinforce the joint and 
align the faces of the trim pieces. 


Chestnut Tool Co, 


Figure 61-9. Specialty clamps may be used 
to apply pressure to a miter joint to allow 
the glued joint to reach its full strength. 


The assembled unit is then set 
aside to allow the glue to cure. 
The next unit is then assembled 
the same as the first, continuing 
the process. Once the glued miter 
joints on a trim unit are cured, 
the clamps are removed and the 
assembled unit may be nailed 
into place. 


TRIMMING WINDOW 
OPENINGS 


Window casing should be the 
same material and design as 
door casing. Most wood-framed 
windows are trimmed in either 
contemporary (picture-frame) or 
traditional style. See Figure 61-10. 
Sometypes of windows have only 
a sill and apron to trim the open- 
ing; no casings are installed. 

The procedure for placing cas- 
ing around a contemporary-style 
window is similar to that for a 
door. The only difference is that 
a window requires a fourth piece 
fitted at the bottom of the frame, 
which is not required in trimming 
a door. Drive nails up from the 
bottom casing piece into the side 


Interior Window Trim _ 
Figure 61-10 —— 


FOUR 
MITERED PIECES 


CONTEMPORARY 


SMOOTH 


SCULPTURED 


TRADITIONAL 


Figure 61-10. Interior window trim for wood- 
framed windows may be either contemporary 
ortraditional in design. Window trim should 
match door trim in the building. 


pieces at the miter jointto prevent 
the joint from opening up later. 
Traditional-style windows re- 
quire a rabbeted stool to be in- 
stalled before the casing can be 
nailed in place. Some stool de- 
signs are shown in Figure 61-11. 
A. procedure for trimming a tra- 
ditional window is shown in 
Figure 61-12. The stool and apron 
have a 45? miter joint at each end 
to make a corner return. A corner 
return covers the exposed grain on 
the end of the stool and apron. 


INSTALLING BASE MOLDING 


Base molding (baseboard) is 
held tightly to the finished floor 


Figure 61-11. Traditional window trim 
requires a rabbeted stool. A variety of 
patterns are available. 


and fastened to the wall with 6d 
or 8d finish nails driven into the 
bottom plate and studs. Some 
baseboard patterns are shown in 
Figure 61-13. 
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Trimming Window Openings - 
Figure 61-12 . 


i 
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GYPSUM 


SILL | a 


WINDOW 
SIDE JAMB 


WINDOW 
SIDE JAMBS 


C2347 : 


~% ) > 


TOTAL STOOL 
PROJECTION 


SQUARE 
STOOL STOCK 


“SSS 


To establish distance stool projects 
at each side of window jamb, proceed 
as follows. Measure and mark 1⁄4” 
reveal A, width of casing stock B, and 
distance from face of casing to front 
edge of stool C. Total of these three 
measurements is total distance X. | 


Hold stool stock against window 
frame. With square held against side 
of jamb, draw line A. Draw line B, 
which is same as rabbet width. 


Saw marked section out of stool 
corners. Insert between jambs and 
tack in place. 


JAMB 


f 
j 


^. . GYPSUM BOARD 


GYPSUM BOARD 


P. m 


L-MARK e — TNE: 7. =  eTOO ‘stuns ^, Mom] =| 
| 45S LINE-| |= es T i : EIL C. P "FEM "I 2 1 
— i, : A sii NEL — GYPSUM BOARD = = 
| Damen C m pen =z MARK 45° LINE E . YEN e uu es 
— Draw second 45? line E in opposite | = E «D: STOOL” 
| (4) Using combination square, draw 45° direction. p EENT e OE Gum i e 
line D in direction of window frame. — = 


=A SQUARE LINE F THAT MEETS LINE E 


Using square, draw line F so it touches 
line E. 


SAW THROUGH ON LINE E 
IN OPPOSITE DIRECTION 


SAW THROUGH ON LINE F 


SAW THROUGH ON LINE D 


(8) Carefully saw through along line E. 
Save this small triangle for corner 
return. 


Carefully saw through along line F, 
sawing on outside of line. 


Saw through along line D. (Discard 
this triangular piece.) 


o 


FASTEN HEAD CASING SIDE 


CASING 


CORNER 
RETURN 


TYPICAL 
DOUBLE-HUNG 
WINDOW 


NAIL AND 
GLUE IN 
PLACE 


FASTEN SIDE CASING 
FASTEN SIDE CASING 


WITH SIDE 
CASINGS 


— ann Using same method as stool, make 
Nail and glue 45° corner return to corner returns for each end of apron. 
ends of stool. These pieces cover When nailed in place, ends of the 
endgrain and provide finished Measure and fasten head and side apron should line up with outer 
appearance. casings to window frame and sides of casing. 
trimmer studs. 


Figure 61-12. When a stool and apron are installed, a corner return is used to conceal the end grain. 
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Base Molding — 
Figure eS 


FLOOR 
CONTEMPORARY 


FLOOR 


TRADITIONAL 


Figure 61-13. Base molding is held tightly 
to the finished floor and nailed to the bot- 
tom plate and studs. 


Base molding is installed after 
the door casing has been nailed 
in place. Base molding is usually 
thinner than the outside edge of 
the door casing it butts against. 
See Figure 61-14. A base shoe 
may be nailed into the floor at 
the bottom of the base molding 
to help conceal any unevenness 
between the base and the floor. 
A decorative base cap may also 
be used if molding is traditional 
style. See Figure 61-15. 

Miter joints are required at the 
outside corners of base mold- 
ing but are not suitable for the 
inside corners. At the inside 
corners, miter joints tend to 
open when being nailed. Later 
shrinkage of the wood also may 
cause inside corner miter joints 
to open. For this reason, a coped 


Figure 61-14. Base molding is usually thin- 
ner than the door casing it butts against. 
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Figure 61-15. Base molding may be ap- 
plied with a base shoe and base cap. 


joint is recommended for inside 
corners. One piece is coped to 
the shape of the piece it fits 
against. Figure 61-16 shows a 
procedure for coping. 


ie? 


Coped Joints 
Media Clip 


On long walls where several 
pieces of baseboard are required, 
the joints between the pieces 
should fall over a stud. The best 
type of fit is a scarf joint, which 
is made by overlapping two 45° 
angles. See Figure 61-17. A pro- 
cedure for placing baseboard in a 
room with inside and outside cor- 
ners is shown in Figure 61-18. 


Coping Joints 
Figure 6 1-16 
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Position base molding in power 
miter box as if the fence of the 
miter box were the wall. Rotate 
and lock blade at 45°. 


Use coping saw to cut along 
profile made by 45° inside 
corner miter. 


Figure 61-16. For an inside corner fit, one 
piece of the base molding must be cut for 


proper fit. 
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Figure 61-17. A scarf joint produces the 
best fit between two pieces of base molding 
joined along a wall. Scarf joints should 
always be glued to limit separation. 
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Fit base on first wall. 
Ends at each corner 
are cut square. 


CN 
Make 45? outside 
miter cut and fasten 
piece to wall. 


i2 


Fit second piece of 
base molding to first 
by coping inside 


corner. 


MCI L 
Mark end of second 
outside corner piece. 
(Indicate direction of 
miter cut.) 


Fitting Base Molding to Inside and Outside 
Corners 


Figure 61-18 
p — d 
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Mark end of outside 
corner piece. 
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Make 45° outside 
miter cut and fasten 
second piece of base 
molding to wall. 


Figure 61-18. When fitting base molding, first fit and cope the inside corner of one piece, 
then miter the outside corners. 


Americon Hordwood Export Council 


Various profiles of ceiling molding can be combined to create a dramatic effect. 


INSTALLING CEILING 
MOLDING 


Ceiling molding is available in 
three basic shapes. A contem- 
porary design is rectangular 
with beveled edges. Traditional 
profiles include crown and cove 
moldings. See Figure 61-19. 
The procedure for placing ceil- 
ing molding is similar to that for 
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base molding. One piece of the 
inside corner is usually coped as 
shown in Figure 61-20. The out- 
side corners are mitered. A scarf 
joint is recommended for joints 
between pieces on longer walls. 
The pieces are attached to the 
wall with 6d or 8d finish nails 
driven into the wall studs. 

The lower side of crown or 
cove molding fits against the 


wall. It has a wider surface than 
the top side, which rests against 
the ceiling. To cut the miters 
(45° angles) for outside corner 
joints, a different procedure is 
required. To cut the miter, mark 
the short side of the 45° angle 
and position the molding as 
though the fence of the back side 
of the miter box is the wall and 
the bottom of the miter box is 
the ceiling. See Figure 61-21. 


Pine and spruce moldings are 
available as solid and finger- 
jointed material. Finger-jointed 
moldings are made from short 
lengths of wood that are milled 
and glued end to end. Finger- 
jointed moldings are less 
expensive than solid moldings 
and also are more warp-resistant. 
If the trim will be painted rather 
than stained, finger-jointed 
moldings are recommended. 


Ceiling Moldings 
. Figure 61-19 s 


RECTANGULAR WITH 
BEVELED EDGE 


Figure 61-19. The three basic profiles of 
ceiling molding are rectangular with a 
beveled edge, cove, and crown, 
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PIECE OF CROWN MOLDING 
CEILING MOLDING INSIDE CORNER 


Figure 61-20. When installing crown 
molding, one of the inside corner pieces 
is coped. 
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Figure 61-21. When cutting a 45? angle on crown molding, position the molding with 
the bottom edge pressed against the fence of the miter box. 
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building is almost completed 
to minimize wear on the floor- 


ing during construction. Many 
different materials are used as . 
finish flooring, including wood, : 


resilient tile, ceramic tile, and 
carpeting. Wood flooring is avail- 
able in strips, planks, and blocks. 
Resilient tile products, such as 


linoleum, vinyl, and rubber, are . 


available in sheet form or indi- 
vidual tiles. Ceramic tile, brick, 
slate, and flagstone may be used 
to create special effects in different 


sections of a building. Wall-to-wall 
carpeting applied directly on top » 


of the subfloor is also considered 
a finish floor material. 


In some parts of the country, 
carpeting and resilient tile may 
be placed by carpenters, but this 
work is usually performed by 
flooring specialists. Hardwood 
flooring is installed by carpen- 
ters. In some areas of the country, 
placing hardwood flooring has 
become a specialty within the 
carpentry trade. 


WOOD FINISH FLOORING 


Softwood finish flooring is manu- 
factured primarily from southern 
pine, Douglas fir, and western 


676 


inish flooring is applied 
when the construction of a 


hemlock. Hardwood finish floor- 
ing, which is more durable, is 
manufactured from oak, beech, 
birch, and maple. Wood finish 
flooring is available in strips, 
planks, or blocks, each of which 
produces a different appearance. 


Strip Flooring 

Strip flooring is available in 
widths of 172" to 314" and in ran- 
dom lengths up to 16’. Standard 
thicknesses are 94e", 36”, Vo", 34”, 
and ?? 7". Thinner strip flooring 
has square edges and requires 
face-nailing. Face-nailing re- 
quires that the nails be set and 
the holes later puttied. 

The most durable and attrac- 
tive strip flooring is 2542” thick 
by 2/4" wide strips with tongue- 
and-groove edges. See Fig- 
ure 62-1. Strip flooring is also 
end-matched, meaning there 
is a tongue-and-groove end 
where the pieces butt against 
each other. With the exception 
of the wall edge of a starter 
piece, tongue-and-groove strips 
are blind-nailed. See Figure 
62-2. Blind-nailing produces a 
more attractive appearance than 
face-nailing. High-quality strip 
flooring is also hollow-backed, 
which allows the pieces to lie flat 
and fit snugly against an irregular 
floor surface. 


E : E — > -— 
Figure 62-1. Strip finish flooring is a 
durable and attractive finish flooring 
material. 


Manufacturers recommend 
that strip flooring be delivered 
to the job several days before 
installation and placed in the 
area of the building in which 
it will be installed. If the floor- 
ing is delivered packaged, open 
or remove the packaging. The 
strip flooring should be spread 
loosely around the floor area so 
its moisture content can adapt to 
the building humidity. For larger 
areas, the strip flooring can be 
stacked with stickers between the 
layers to provide proper ventila- 
tion. See Figure 62-3. 


Fe) Hardwood flooring is manufactured 
"| at 6% to 9% moisture content. | 
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T&G EDGES ARE 
D NAILED 
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Figure 62-2. When tongue-and-groove 
strip flooring is used, only the wall edges of 
the first and last strip are face-nailed. The 
remainder of the strips are blind-nailed. 


The subfloor must be cleaned 
and checked for protruding nails. 
Plywood, OSB, or other perfor- 
mance-rated panel product can 
be used as a subfloor. Particle- 
board should not be used as a 
subfloor since fasteners do not 
hold well in the material. 

With the proper subfloor in 
place, a layer of 15 lb asphalt- 
saturated felt or building paper is 
applied. The edges of the felt or 
building paper should overlap 2" 
to 4"to keep out dust, slow mois- 
ture movement from the area 
below the subfloor, and prevent 
squeaks in dry seasons. 

When determining where to 
begin nailing the strip flooring, 
consider the floor layout of the 
building and the number of rooms 
to receive strip flooring. Strip 
flooring is laid at right angles to 
the joists. Snap chalk lines across 
the felt or building paper to ensure 
that nails will be driven into joists 
wherever possible. 

Strips nailed along a wall are 
placed %” away from the wall 
to allow for expansion. The 2” 
gap will be covered by the base- 
board. Joints between boards are 
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Figure 62-3. The proper moisture content must be maintained in strip flooring before 
and after installation to prevent cupping. A moisture meter can be used to check the 


moisture content. 


staggered and are no closer than 
6” to joints in adjacent rows. 


Fastening Methods. When in- 
stalling strip flooring, the nails 
are driven at a 45° to 50° angle 
so the head is below the edge 
of the tongue. If necessary, use 
a nail set to avoid damaging 
the edge of the flooring mate- 
rial. The nails should be long 
enough to penetrate through 
the subfloor and into the joists. 
Use a short piece of flooring 
material as a driving block to fit 
the strips tightly against each 
other. Proper nailing will help 
to reduce future squeaks. 

Manual or pneumatic nailers 
are typically used to install strip 
flooring. Nail strips are inserted 
into the nailer magazine. As the 
nailer is operated, individual 
nails are driven into the edge of 
the flooring. When using a man- 
ual nailer, a floorlayer strikes a 
plunger at the end of the nailer to 
actuate the driving mechanism. 
The driving motion pulls the 
flooring in tightly, and drives and 
sets the nail in one motion. 

A pneumatic nailer is oper- 
ated in a similar manner to 
a manual nailer. However, a 
pneumatic nailer requires less 
striking force, which results 
in less fatigue to the floorlayer 
and greater productivity. See 
Figure 62-4. 


Senco Products, Inc. 


Figure 62-4. A manual or pneumatic 
nailer is used to fasten strip flooring to 
the subfloor. 
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Figure 62-5 shows a nailing 
schedule for strip flooring. The 
procedure for laying out and in- 
stalling hardwood strip flooring 
is shown in Figure 62-6. In this 
example, strip flooring is placed 
in all rooms of the building ex- 
cept the kitchen and bathrooms. 


When two floorlayers work 
together, one often cuts and 
fits the pieces while the other 
nails them in place. An efficient 
method for a floorlayer working 
alone is to cut and fit six or eight 
rows of boards at a time and 
then nail them in place. 


2 barbed flooring cleatt 


34" T&G 1%, 2'A, 3% 7d or 8d flooring nail 8” to 10” 
2 15-ga staples with %” crownt 
1%” barbed flooring cleat 
Ve" T&G 1%, 2 5d screw-shank, cut steel, or 10" 
wire casing nail... 
36" TRG 1%, 2 1” barbed flooring cleat 8” 
- 4d bright wire casing nail Á 
He” square edge 1 Ve 2 qi 5-ga barbed flooring brad 2 nails per 7H 4 


* in in. 
T use 1%” fasteners with 34” subfloor on concrete slab 


Figure 62-5. Different strip flooring thicknesses require various fasteners and fastener 


spacing. 


Laying Out and Installing Strip Flooring 


Figure 62-6 


DINING 
ROOM 


KITCHEN 


SNAP CHALK LINE 
PARALLEL TO 
LONGEST WALL 


LIVING ROOM 


GYPSUM BOARD 
SURFACE 
TOTAL DISTANCE BETWEEN 
CHALK LINE AND WALL 


ONE STRIP; ONE STRIP] | 


æ 


BEDROOM 


BEDROOM || BEDROOM 


"ss _ TONGUE 
TONGUE 
iC FACES 


Face-nail a row of 
flooring on each side 
of chalk line. Tongues 
should face out with 
grooves held together 
with wood spline. 


TWO 
CENTER 
STRIPS 


Installing Strip Flooring over 
Concrete. To install strip floor- 
ing over concrete, nailing strips 
called sleepers are used. The 
sleepers are 1 x 4s or 2 x 4s 
that are pressure-treated with 
a wood preservative. Sleepers 
are fastened to the concrete 
floor at 16" OC intervals with 
concrete nails or mastic. In some 
cases, the sleepers may need to 
be shimmed because of irregu- 
larities in the floor. 

Before sleepers are placed, wa- 
terproof mastic must be spread 
over the concrete floor and al- 
lowed to set for approximately 
30 min. A layer of polyethylene 
film is strongly recommended. 
Figure 62-7 shows two proce- 
dures for preparing concrete 
to receive strip flooring. One 
procedure uses nails to fasten 
the sleepers to the floor, and the 
other procedure uses mastic to 
fasten the sleepers over polyeth- 
ylene film. 


Plank Flooring 


Plank flooring is normally used 
in buildings of traditional design. 
See Figure 62-8. Plank flooring 
was first used in houses built 
during the colonial period of 
United States history. Planks are 
available in widths from 3" to 8", 
and in thicknesses of 546” to 2542”. 
Planks ??&" thick have tongue- 
and-groove edges and ends. Since 
plank flooring is wider than strip 
flooring, additional time may be 
required for the planks to accli- 
mate to the moisture content of 
the building. 

Plank flooring is installed in a 
similar manner to strip flooring. 
However, screws are installed at 
the ends ofthe plank. The screws 
are counterbored and covered 
with wood plugs. Often, plank 


o Snap chalk line that parallels longest wall along o Lay remainder of strip 
which strip flooring is to be laid. Distance between flooring outward from 
chalk line and wall surface should equal width of two center strips. 

two strips of flooring plus V2". 


flooring has simulated plugs for 
a colonial appearance. 


Figure 62-6. Installation of hardwood strip flooring begins at the center of the area being i 
floored and continues outward toward the walls. Before installation, the strip flooring # 
is spread loosely around the floor area so that its moisture content can adapt to the 
surrounding air. 
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Using Mastic to Fasten 1x4 Sleepers 
Figure 62-7 Soe RÀ 


e 


RUN ü “a 3 


STRIP FLOORING. ^ 
ND-NAILED TO 1 x 4 ~~~ 


VAPOR 
BARRIER 


MASTIC -7 x 
CONCRETE 
SLAB 


SECOND 
ROW 
= 

A S" 


APPLY MASTIC AND 
WAIT 30 MINUTES 
FOR MASTIC TO SET 


© Spread mastic on one 

of the 314” sides of the 
2 x 4 sleeper. After 
waiting about 30 
minutes, press sleeper, 
mastic side down, onto 
polyethylene film. 
Sleepers are staggered 
16” OC with 4” overlap 
at ends. 


CONCRETE FLOOR SLAB 


Roll polyethylene film 
over floor surface. 
Allow 4” lap on all 
rows of polyethylene 
and let film extend 
behind baseboards 
on all sides of room. 


Spread even coat of 
waterproof mastic 
over surface of 
concrete floor slab. 


Figure 62-7. Two methods are used to prepare a concrete floor for strip flooring. One 
method (shown at the top) uses nails to fasten sleepers to the concrete, and the other 
method uses mastic to fasten the sleepers. 


NOFMA: The Wood Flooring — 
Manufacturers Association _ 
developed wood flooring standards. 


Plank flooring is installed with 
2” barbed flooring cleats, 7d or 8d 
flooring nails, or 2” 16 GA staples 
with Y?" crowns. The fasteners 
should be spaced approximately 
8" apart. When plank flooring is 
installed over a 3⁄4” subfloor on a 
concrete slab, 177" flooring cleats 
should be used. 


COUNTERBORED 
HOLES 


WOOD 
PLUGS 


| PLANK 
FLOORING 


EET 6 


FLAT-HEAD SCREWS 


COVERED WITH WOOD PLUGS 


G PLANK FLOORING 
a —— 


3" TO 8" 

WIDE PLANKS 
Figure 62-8. In plank flooring, butt joints 
are used when planks are less than ?957" 


thick. Tongue-and-groove joints are used 
for 2” thick planks. 


Installing Plank Flooring over 
Concrete. Plank flooring is in- 
stalled over concrete in a similar 
manner as strip flooring is in- 
stalled, unless special glue-down 
planks are obtained. Glue-down 
planks adhere directly to the 
concrete, making sleepers unnec- 
essary. A 150 lb roller is moved 
across glue-down planks to ensure 
proper contact is made between 
the concrete and the planks. 


National Wood Flooring Association 


The skills of an experienced carpenter are required to install an intricate floor inlay. 
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Block Flooring 


Three basic types of block floor- 
ing are solid-unit, laminated, 
and slat. See Figure 62-9. Block 
flooring is fastened to the floor 
(wood subfloor or concrete 
slab) with mastics. Most block 
flooring has tongue-and-groove 
edges to ensure alignment be- 
tween the squares. 


Block Flooring 


Figure 62-9 


STRIP FLOORING 


9722" x 9” x 9” (TYP) TONGUE 


GROOVE 
SOLID-UNIT BLOCK 


THREE OR 
MORE PLIES 
© OF WOOD 


INN 


GRAIN 
| DIRECTION 


Vo" x 9" x 9" (TYP) 
LAMINATED BLOCK 


THIN SLATS OF 
HARDWOOD .«& 


e” x 9” TO 30" SQUARE (TYP) 
SLAT BLOCK 


Figure 62-9. Basic types of block flooring 
are solid-unit blocks, laminated blocks, 
and slat blocks. All types are fastened to 
the floor with mastic. 


Before the mastic is spread, 
chalk lines must be snapped at 
right angles to each other and 
at the center of the room. The 
method for laying out chalk lines 
for block flooring is shown in 
Figure 62-10. 
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TO CENTERLINE 
FROM ROOM 
WIDTH 


[t 8'-0^ 


20'-0" 
ROOM LENGTH 


a =! 
1 6’-0” 
ROOM WIDTH 


Figure 62-10. To lay out block flooring, 
snap chalk lines at the centers of the 
width and length of the room. The 6-8-10 
squaring method can be used to ensure 
the center lines are perfectly square to 
one another. 


Solid-Unit Blocks. Strips 7542” 
thick make up most solid-unit 
blocks. The strips are held to- 
gether with a wood or metal 
spline embedded in the lower 
edge of the material. 


Laminated Blocks. Laminated 
blocks are made of plywood, 
often with an oak face veneer. 
Due to its-cross-laminated con- 
struction, which reduces swell- 
ing or shrinkage, laminated 


block flooring is recommended 
for damp locations such as con- 
crete slabs resting directly on 
the ground. 


Slat Blocks. Slat blocks are also 
called mosaic or parquet floor- 
ing. Slat block flooring is com- 
posed of wood strips arranged 
in various patterns. See Figure 
62-11. In some slat blocks the 
strips are held together with face 
paper that is pulled off after the 
squares have been installed. In 
other types of slat blocks, the 
strips are held together by me- 
chanical attachments or a textile 
web backing. 


LAMINATE FLOORING 


Laminate flooring is a compos- 
ite material which consists of a 
transparent top layer, decorative 
layer, carrier layer, and bottom 
layer. See Figure 62-12. The 
top layer of laminate flooring is 
transparent and provides a great 
deal of wear resistance. The dec- 
orative layer that gives the floor- 
ing its grain (or other) pattern is 
bonded under the top layer. The 
carrier layer is typically HDF or 
MDF fiberboard or particleboard, 
and provides laminate flooring 
with its stability. The bottom 
layer may be a stiff paper-based 
material or laminate. 


Figure 62-11. A parquet floor is made of slat blocks in which wood strips are arranged 


in various patterns. 


TOP 
LAYER 
DECORATIVE 
LAYER 


CARRIER 


BOTTOM LAYER 


Figure 62-12. Lominote flooring is o com- 
posite materiol consisting of top, decoro- 
tive, corrier, ond bottom loyers. 


Laminate flooring is manu- 
factured using a high-pressure 
laminate (HPL) or direct-laminate 
(DL) process. In the high-pressure 
laminate process, the compo- 
nents in the top layer are pressed 
together under intense heat and 
pressure to form a laminate. The 
laminate and bottom layer are 
glued to the carrier to form the 
finished laminate flooring. 


Figure 62-13. Lominate flooring provides the oppeoronce of naturol wood strip flooring 


and provides outstonding durability. 


National Wood Flooring Association 


Wood flooring enhonces the beauty of cobinetry ond other flooring moterials. 


In the direct-laminate process, 
the components in the top, 
decorative, carrier, and bottom 
layers are joined simultaneously 
under intense heat and pressure. 
Production costs are lower for 
direct-laminate flooring than for 
high-pressure laminate flooring. 
See Figure 62-13. 

Laminate flooring is installed 
by gluing or mechanical joints. 
Glue-free mechanical joints are 


Pergo, Inc. 


preferred since they are a neater 
and cleaner joint to make than 
glue joints. 


RESILIENT FINISH 
FLOORING 


Resilient, nonwood products 
are classified according to their 
basic ingredients as either vinyl, 
rubber, or cork flooring. Resilient 
finish flooring is produced in tile 
and sheet form. Tile sizes range 
from 9" x 9" to 36" x 36". Sheets 
are generally available in 6’, 9’, or 
12’ widths. A wide variety of pat- 
terns and colors is available. 

The term resilient describes the 
ability of the material to yield 
when pressure is applied and 
then return to its original condi- 
tion. Resilient finish flooring 
materials hold up well against 
weight and indentation caused 
by falling objects, and are effec- 
tive in reducing sound produced 
by foot traffic and other types of 
impact. 

Resilient finish flooring is usu- 
ally laid by flooring specialists. 
In some parts of the country, 
however, resilient finish flooring 
is laid by carpenters. 

If the subfloor is uneven, 4” 
underlayment must be nailed 
or stapled to the subfloor before 
the resilient flooring is installed. 
The underlayment surface must 
be smooth and free from bumps 
or indentations. 
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Most resilient flooring products 
are cut with a scissors or sharp 
utility knife and are fastened 
with a mastic to the under- 
layment or subfloor. Manu- 
facturers usually recommend a 
specific adhesive. 


Resilient Flooring Tiles 


The procedure for laying out re- 
silient flooring tiles is similar to 
laying block flooring. Centerlines 
are snapped on the floor. The tiles 
are placed starting from the center 
of the room and working toward 
the walls. See Figure 62-14. This 
method ensures that when bor- 
der tiles are less than full size, 
they will be of width equal to the 
border tiles at the opposite side 
of the room. 

When all tiles have been 
placed, the wall edges are fin- 
ished with a base molding that 
is usually the same material as 
the tile. 


Quick Quiz? 
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Resilient Flooring Sheets 


If possible, sheets of resilient 
flooring are installed as one 
piece. A template is made 
from kraft paper to the exact 
dimensions of the floor by 
placing the paper on the floor 
and trimming it. The template 
is placed on the resilient floor- 
ing sheet and taped in position 
so it does not move while the 
flooring is being cut. The floor- 
ing is carefully cut using a 
scissors or sharp utility knife. 
When the flooring is cut to the 
proper dimensions, it is then 
placed on the underlayment 
or subfloor and carefully po- 
sitioned. When the flooring is 
in the proper position, half of 
the flooring is folded back and 
mastic is applied to the under- 
layment or subfloor. The floor- 
ing is laid back into position 
and the procedure is repeated 
for the other half of the flooring. 
A 150 Ib roller is then used to 
roll the flooring. 


CENTER 
OF FLOOR 


6'-9" x 9’-0” 
ROOM 


When an even number of tiles is used, 
edges of beginning rows of tiles will 
align with centerlines. 


EVEN NUMBER OF TILES _ 


9 TILES | 


CENTER 
OF FLOOR 


When an odd number of tiles is used, 
the centerlines will fall at centers of 
beginning rows of tiles. 


| ODD NUMBER OF TILES 


Figure 62-14. Tiles are applied beginning 
at the center of the room and progressin g 
toward the walls. 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. |8== 
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"See Figure 63- ee 


The construction prints for a 
building provide information on 
laying out and constructing stair- 
ways. Plan and elevation views 
and detail drawings on the prints 
provide construction details for 
stairways. 


Figure 63-1. Interior stairways lead to up- 
per or lower levels within a building. 
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BASIC STAIRWAY 
ARRANGEMENTS 


Room design determines the stair- 
way arrangement. Figure 63-3 
shows basic stairway arrange- 
ments. The simplest stairway 
to construct is a straight-flight 
(straight-run) stairway without 
a landing. A straight-flight stair- 
way runs in a direct line from 
one floor to another. 


Types of 
JD Stairways 


In a straight-flight stairway 
with a landing, one section of 
the stairway runs from the floor 
to the landing and the other sec- 
tion runs from the landing to the 
next floor. A straight-flight stair- 
way with a landing is often used 
in public buildings where there 
is a long distance (15 steps or 
more) between stories. Landings 
are placed at regular intervals to 
interrupt the climb. 


Figure 63-2. Exterior stairways lead to entrances or decks. 


Stairway Designs 
Figure 63-3 


BUILT AGAINST ONE WALL 


STRAIGHT-FLIGHT 
STAIRWAY 


BUILT AGAINST 
...IWO WALLS _ — 


L-SHAPED STAIRWAY 
WITH LANDING 


N 


i| FIRST FLOOR 


U-SHAPED STAIRWAY 
WITH LANDING 


BUILT AGAINST ONE WALL 


STRAIGHT-FLIGHT 
STAIRWAY WITH LANDING 


D 
E 
LI 
E 
rj 
id 
— 


tr 
o 
o 
-l 
Le 
= 
o 
= 
[TM 


.|| CIRCULAR 


GEOMETRICAL 
STAIRWAYS 


Figure 63-3. Stairway arrangements are based on room design. 


An L-shaped stairway runs 
along two walls and includes 
a landing where the stairway 
changes direction. L-shaped stair- 
ways are used when the space is 
not sufficient for a straight-flight 
stairway. 


U-shaped stairways have two 
sets of stairways which run par- 
allel to one another. U-shaped 
stairways may be a wide U or 
a narrow U. The difference 
between wide U-shaped and 
narrow U-shaped stairways 


is the space between the two 
flights of stairs. A wide U- 
shaped stairway has a stairwell 
between the two flights of stair- 
ways, while a narrow U-shaped 
stairway has little or no space 
between the stairways. 

Instead of a landing, a stairway 
may have a winding section at 
the turn, which is formed with 
wedge-shaped steps called wind- 
ers. Stairways with winders are 
usually L-shaped. 

Other types of winding stair- 
ways are geometrical stairways. 
Geometrical stairways may be 
circular or elliptical. Circular 
and elliptical stairways are com- 
plicated to build and are usually 
prefabricated in a shop. 

Stairways may be enclosed 
by walls or railings. See Figure 
63-4. Ifa stairway is enclosed by 
walls on both sides, handrails 
are attached to the walls. In an- 
other type of stairway, a short 
wall may form the railing for 
one or both sides of the stairway. 
Still another type of stairway 
has a balustrade on one or both 
sides. A balustrade is formed 
by balusters and a handrail. 
Balusters (banisters) are upright 
pieces that extend between the 
handrail and treads. 


STAIRWAY COMPONENTS 


Stairways have treads, the por- 
tion of the stairway that people 
place their feet on, and string- 
ers, the portion that supports 
the treads. Some stairways 
also have landings, handrails, 
and balusters. The term stair- 
way (staircase) includes treads, 
stringers, landings, handrails, 
and balusters. 


Building codes regulate certain ~~ 
be. T EE e X: 5 - 

| aspects of stair construction 4 
including the riser height, tread — 
depth; handrail size, configuration 
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Figure 63-4 
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Figure 63-4. Stairways may be enclosed by walls or railings. 


Figure 63-5 illustrates the com- 
ponents of an interior stairway C. 
with a balustrade. An explanation 
of these components follows: 

A. Landing newel post: Newel D. 
posts are installed at the ends 
of the stairway and where 
stairways change direction. E. 
The main post supporting 
the handrail at the landing 
is the landing newel post. 

B. Gooseneck: Agooseneckisa F. 
curved or bent section at the 
upper end of a finish hand- 
rail. A gooseneck is used to 
connect the straight section 


of handrail to a newel post. 
Baluster: The upright pieces 
that run between the hand- 
rail and treads are balusters. 
Handrail: A handrail is 
grasped by the hand for sup- 
port when using a stairway. 

Starting newel post: A start- 
ing newel post is the main 
post supporting the handrail 
at the bottom of a stairway. 

Closed finish stringer: A fin- 
ish board, known as a closed 
finish stringer, is nailed 
against the wall ofa stairway 
and encloses the ends of the 
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treads and risers. The top 
of a closed finish stringer is 
parallel to the slope of the 
stairway. 

G. Tread: A tread is the step 
that a person places his or 
her foot on. 

H. Riser: A riser is the piece 
forming the vertical face of 
a step. 

I. — Nosing: The projection ofthe 
tread beyond the face of the 
riser is the nosing. A nosing 
usually projects 1" to 114" 
beyond the face of a riser. 


J. Nosing return: A nosing re- 


turn (end nosing), which is 
the projection over the face 
of a stringer at the end of the 
tread, is used on an open 
stringer stairway. Similar toa 
sill or apron return, a nosing 
return prevents the tread end 
grain from being exposed. 

K. Open stringer: An open 
stringer is cut to support 
the open side of a stairway. 
The treads rest on top of the 
stringer cutouts. 

L. Landing: A landing is a 
platform that breaks the 
stair flight from one floor to 
another. 

M. Cove molding: Cove mold- 
ing may be used to conceal 
the joint between the tread 
and stringer and the joint 
between the tread and top 
of the riser. 


Stringers, Treads, and Risers 


The stringers, or carriage, pro- 
vide the main support for a 
stairway. Finish treads and ris- 
ers are nailed to the stringers. 
See Figure 63-6. 

On wide stairways, at least one 
additional stringer is installed in 
the span between the two outside 
stringers. The tread thickness is a 
factor influencing the allowable 
distance between stringers. In 
general, stringers should be in- 
stalled 30" OC when 1%e” thick 
treads are used, and 36" OC when 
144” thick treads are used. 


Stairway Componen 
Figure 63-5 
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Figure 63-5. A stairway is composed of many components. Main stairways are commonly 
outfitted with balusters and newel posts. 


Figure 63-6 
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Figure 63-6. A stringer provides the main support for a stairway. Treads and risers are 
fastened to the stringers. 


Stringers may be cleated, da- 
doed, cut-out, or housed. See 
Figure 63-7. A cleated stringer 
is a type of stringer with cleats 
nailed to it to support the treads. 
A dadoed stringer is a type of 
stringer in which treads fit into 
dadoes cut into the stringer. 
Cleated and dadoed stringers are 
typically used for stairways to a 
basement and other uninhabited 
areas of a house. However, at- 
tractive and modern dadoed 
stringer designs may be used for 
main stairways as well. 

Cut-out stringers are common- 
ly used for interior and exterior 
stairways. A cut-out stringer is 
cut or notched to fit the profile of 
the stairway. Usually 2 x 10s or 
2 x 12s are cut to the tread depth 
(minus the nosing) and the riser 
height. At least 342” (measured 
at a right angle from the edge of 
the stringer) must remain after 
the cuts have been made. 

Housed stringers are also widely 
used for interior and exterior 
stairways. Prefabricated stairways 
usually have housed stringers. 
Housed stringers are routed to re- 
ceive the treads and risers, which 
are wedged and glued into place. 
When intermediate stringers are 
installed, housed, cleated, or da- 
doed stringers are placed on the 
outside and cut-out stringers are 
used for intermediate stringers. 


Stringer Layout » 


Stringer layout includes marking 
off treads and risers. All risers 
should be the same height and all 
treads should be the same depth 
to ensure safe and smooth move- 
ment from one level to the next. 
The maximum deviation allowed 
between riser heights is 26". 
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Figure 63-7 
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Figure 63-7. Four types of stringers are cleated, dadoed, cut-out, and housed. Cleated or 
dadoed stringers are used for stairways to basements and other uninhabited areas of a 
building. Cut-out or housed stringers are usually used for other stairways. 


The unit rise (riser height) 
is determined by dividing the 
total rise of a stairway by the 
number of risers. See Figure 
63-8. The total rise is the vertical 
distance of a stairway from the 
finished floor to the finished 
floor above. 

The unit run (tread depth 
minus nosing) is determined by 
dividing the total run of a stair- 
way by the number of treads. 
The total run is the horizontal 
distance measured from the 
foot of the stairway to a point di- 
rectly below where the stairway 
ends at a deck or landing above. 
There is always one less tread 
than the total number of risers. 

Stringers should be laid out so 
that a set of stairs will rise at a 
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safe and comfortable angle. Fig- 
ure 63-9 shows preferred versus 
critical angles. Preferred angles 
afford the most comfortable 
walking angles. Critical angles 
are the minimum and maximum 
angles for walking safety. The 
preferred angle for a stairway 
is 30° to 35°. Critical angles are 
20° to 30° and 35° to 50°. For 
a stairway to rise at a certain 
angle, the proper combination 
of tread depth and riser height 
must be used. 

Recommended unit rise for 
residential stairways is 7” to 
7⁄2”. However, it may not al- 
ways be possible to divide the 
total rise of a stairway into 
equal riser heights that fall be- 
tween these recommendations. 


Therefore, a higher or lower 
unit rise must sometimes be 
used. The International Resi- 
dential Code (for residential 
buildings) and International 
Building Code (for commercial 
buildings) have established 
minimum and maximum riser 
heights and tread depths for 
stairways. 

The International Residential 
Code has established a maxi- 
mum riser height of 734” and a 
minimum tread depth of 10”. 
The International Building Code 
requires a minimum riser height 
of 4” and a maximum riser 
height of 7”, with an 11” mini- 
mum tread depth. Additional 
information about building code 
requirements for stairways is 
included in Unit 64. 


Calculating Tread and Riser 
Combinations. A stair ratio is 
the ratio between the unit rise 
and unit run of a stairway and 
is expressed as a formula. There 
are three general stair ratio for- 
mulas used in stairway design 
to determine tread and riser 
combinations. One of the most 
widely used stair ratios states 
that the riser height plus the 
tread depth should equal 17” to 
18”. Based on this stair ratio, the 
following riser heights and tread 
depths would be acceptable: 


Riser + Tread = 17” to 18” 


q* JA 18" 
61e" 11⁄4” 1734" 
638" 1198" 18" 


ova” 11^ 174" 


Another stair ratio, which is 
commonly used for residential 
stairways, states that two riser 
heights plus one tread depth 
should equal 235%” to 2554”. 
Based on this stair ratio, the fol- 
lowing riser heights and tread 
depths would be acceptable: 


(2 x Riser) + Tread = 23%” to 25%” 
de 11” 257 
634” 11⁄4” 2434" 
615" 1 (44 2 4” 


Total Rise and Run of Stairwa s 


Figure 63-8 X 
STAIRWELL ‘FLOOR 
SECOND 
SECON OPENING a 
-= = : UNIT RISE 


FLOOR 


DASHED LINES JOISTS 


INDICATE TREAD AND 
RISER POSITIONS 


DOUBLE 


wur 


TOTAL RISE APARE 
(HEIGHT OF TREAD SHOWN 
STAIRWAY) uw IN POSITION 

RUN RISER SHOWN 


IN POSITION 
"d STRINGER 


fr 


FIRST FLOOR 


FINISHED FLOOR 


TOTAL RUN 
(LENGTH OF STAIRWAY) 


Figure 63-8. The total rise of a stairway is its total height and the total run is its length. 
The unit rise is the riser height and the unit run is the tread depth. 


Exact tread and riser sizes are 
based on the total rise and run of 
a Stairway. Figure 63-10 shows 
the procedure for calculating 
tread and riser sizes for a resi- 
dential stairway with a total rise 
of 8’-11”. Total rise is found by 
adding the rough floor-to-ceiling 
height, actual header width, and 
subfloor thickness (8'-1" + 914" 
+ 34" = 8'-117^). 


uÁ— MÀ uu e 


| — AFLOORLINE — 


— O 


Figure 63-9. Preferred angles for stairs fall 
between 30° and 35°. 


The final stair ratio states that 
the riser height multiplied by the 
tread depth should equal 72 to 
75. Based on this stair ratio, the 
following riser heights and tread 
depths would be acceptable: 


Riser x Tread = 72 to 75 


694" 11” TPA” 
698" 11^ 7448" 
6e" Iw" — 7484" 


For a preferred-angle stairway, 
a shorter riser must be combined 
with a deeper tread, or a higher 
riser must be combined with a 


Story Pole. Riser height must 
be calculated with precision, 
particularly for long stairways 
requiring many risers. For 
example, suppose the riser 
height is calculated to be Ye” 
less than required for a stringer 
with 15 risers. On one riser, 
the error is barely noticeable. 
However, the top step of the 
stringer will be !54e" less than 
the desired distance from the 
landing. To avoid this type of 
error when calculating riser 
heights for long stairways, 
many carpenters check their 
calculated measurements by 
marking off a story pole with a 
pair of dividers. In this manner, 
an adjustment can be made if 
necessary. 


Marking Treads and Risers. A 
framing square is used to mark 
treads and risers on a stringer. 
Square gauges are positioned on 
the blade and tongue ofthe fram- 
ing square to ensure consistent 
measurements during layout. 
The tread depth is indicated on 
the blade and the riser height is 
indicated on the tongue. Figure 
63-11 shows a procedure for 
marking treads and risers on a 
cut-out stringer with seven 10/2" 
treads and eight 71⁄4” risers. 


narrower tread. 


Walls adjacent to the stairway will be finished with gypsum board. A 1 x 3 is installed be- 
tween the wall studs and stringer to provide room for the gypsum board. 
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Figure 63-10 


12 INCHES 15 TIMES 
34" SUBFLOOR (SECOND a | x8 FEET 7)107 INCHES 
ÁÉ————— [€ "96 INCHES To 
Fo 3d +11 INCHES 37 
| 107 INCHES OF 35 
| 914” ACTUAL TOTAL RISE 2 REMAINDER 
1 DIMENSION 
/(2 x 10 HEADERS) THERE WILL BE 
IN 1 15 RISERS IN 
À THE STAIRWAY 
8’-1” 
ROUGH FLOOR-TO-CEILING HEIGHT 
E Convert total Divide 7" into 


rise in feet and 
inches to 
inches. 


= See = a ————Ü = 


FLOOR LINE (FIRST FLOOR) 


8’-1” ROUGH HEIGHT 


9'4" HEADER WIDTH 12 INCHES EXACT 
+ 0%” SUBFLOOR THICKNESS x12 FEET 
a RAI TOTAL REE T44 INCHES WIDTH 


8’-10%” = 8'-11" TOTAL RISE 4 434 INCHES 


148% INCHES OF 
TOTAL RUN 


14/148.750 
14 


RISER HEIGHTS 
Total rise of 8’-11” for stairway is found 
by adding rough floor-to-ceiling height 


(8’-1”), actual header width (914^), and 
subfloor thickness (34"). 


Divide total 
number of 


Convert total 
run in feet and 
inches to 
inches. total run 

inch fraction 
into decimal 
(4^ = .75). 
Compute 
answer to 
three decimal 
places. 


STAIRWELL 


| 
TOP SURFACE OF SECOND FLOOR 


STAIR 
STRINGER 


34° 


TOP SURFACE 
! OF FIRST FLOOR 


12-44" TOTAL RUN 


TREAD WIDTHS 


Fifteen risers are shown in stairway. Note that there are 14 treads. Total 
treads is always one less than number of risers. numberof 


Figure 63-10. Riser height is calculated first, 
stairway is 8'-11" and the total run is 12-494". 
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107" to find out 
how many even 
times 7" goes 
into total rise. 


EQUALS 


treads (14) into 


CLA Ww wm 


EQUALS 
15/107.000 EXACT 


(148%4”). Change 


© 


.625 REMAINDER 
x16 

3750 

625 

10 = 16” = 56" 


THERE WILL 
BE FOURTEEN 

10%”TREADS IN 
THE STAIRWAY 


SHOULD BE EVEN WITH 
TOP SURFACE OF FLOOR 


.133 REMAINDER 


RISER | Soe 
15 2.128 = A6” = Vg" 
50 
.45 
50 THERE WILL 
45 BE FIFTEEN 


7%” RISERS IN 
THE STAIRWAY 


Convert deci- 
mal remainder 
to an inch frac- 
tion by multi- 
plying by 16. 


Divide total rise 
(107^) by 15 and 
compute 

answer to three 
decimal places. 


STAIR STORY POLE 


DECIMAL 


Convert decimal 
remainder to an 
inch fraction by | STEP OFF 
multiplying by | 15 RISER 
16. MARKS 


TOP SURFACE OF 
SECOND FLOOR \, 


TOP RISER MARK To 


ul 
o 
w a2 
O zo 
a TZ 
> Ez 
tr oO 
el cw 
— Lu 
N < 
c m 
£ 
o 


After determining exact riser height 
(in this case, 7%”), mark total number 
of risers (15) on stair story pole. Most 
convenient and accurate way to do 
this is to use a pair of dividers (set at 
7'^). Hold story pole in position in 
stairwell opening. If top riser mark is 
even with top surface of floor, riser 
height marks are accurate. If top riser 
is above or below floor line, an 
adjustment must be made on riser 
heights. 


followed by tread depth calculations. In this example, the total rise of the residential 


Laying Out Treads and Risers on Stair String 


Figure 63-11 


Fasten square gauges 
at 74” on tongue of 
Square and 101%” on 
blade of square. 


Place square on 
stringer with gauges 
pressed firmly against 
top edge. Mark first 
riser. 


Slide square to right so 
1072" measurement on 
blade lines up with last 
riser line. Mark next 
tread and riser. 


Repeat this process 
until eight risers have 
been laid out on 
stringer. Last (top) 
tread mark is part of 
landing. 


Reverse framing 
square and mark 
bottom of first step. 


Move square to top end 
of stringer. Align 
tongue with last riser 
line and mark top cut. 


ers 


SET SQUARE GAUGES 
AT 1072" AND 714” 


A. TONGUE 


BLADE 


10%” 


SQUARE GAUGES HOLD 
SQUARE IN CORRECT 
POSITION TO MARK 
TREADS AND RISERS 


FRAMING 


SQUARE 


MARK FIRST RISER 


MEASURE AND MARK 


2 x 10 STAIR STRINGER 


TREAD LINE 
RISER LINE 


LAY OUT RISERS 


i BOTTOM END OF 
REVERSE 
SQUARE DNN STAIR STRINGER 
MARK BOTTOM CUT ~ 


MARK TOP CUT 


TOP END OF 
STAIR STRINGER 


Figure 63-11. Square gauges are positioned on a framing square to ensure accurate tread and riser measurements. In this example for 
a residential stairway, the risers are 71⁄4” high and the treads are 10⁄2” deep. The stairway has seven treads and eight risers. 
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Dropping Stringers. A small 
amount of material may need 
to be deducted from the bottom 


place. Stringers carry the main 
load of a stairway and must be 
securely fastened for strength. 


to provide additional support 
for the stringer. For stair string- 
ers resting on concrete floors, 


a pressure-treated sleeper is 
fastened to the concrete and 
the bottom of the stringer is toe- 
nailed to the plate. 


Figure 63-13 shows common 
methods for fastening stair string- 
ers at the top and bottom. 
Treads may be fastened with 
their full or partial depth against 
the stairwell header. The header 
may act as a backing for the top 
riser. In some cases, a ledger 
board is nailed to the header 


step so all finished riser heights 
are equal after the tread material 
is nailed to the stringer. This cal- 
culation is called dropping the 
stringer. See Figure 63-12. 


Attaching Stringers. After the 
stringers are cut to the proper 
size, they must be fastened in 


Dropping the Stringers 
Figure 63-12 
FINISH 
^ FLOOR © Stringer is shown in place without being 
— ee J dropped. Risers are 7” high and tread 
material is 1*&" thick. Finish floor material 
is 1⁄2” thick. If treads were to be nailed to 
undropped stringers, top riser would be 
63%” (%” too low) and the bottom riser 
would be 7%” (9&" too high). 


1%” THICK 


v2” THICK 
FINISH FLOOR 


Amount of stringer drop is determined 
by subtracting thickness of finish floor 
material from tread thickness 

(1%” — "= 98^). Cut %” off bottom of 
stringers. 


PLAIN 
STRINGER 


SUBFLOOR 


DROP STRINGERS 
56" TO EQUALIZE 


W” THICK 7%” RISER HEIGHTS 


FINISH TOTAL 18" 
FLOOR  RISER  THICK 
HEIGHT TREAD 


7" (EQUAL) 


STAIR STRINGERS 
HAVE BEEN DROPPED 
AND ALL RISERS ARE 

EQUAL HEIGHT (7") 


T” — Ww" = 5g" 


A %” STRIP MUST BE CUT OFF BOTTOM 
OF STRINGERS IN ORDER TO DROP THEM 
AND MAKE ALL RISERS EQUAL HEIGHT. 


PLAIN 
STRINGER 


SUBFLOOR 


| Fastening Stringers at Top and Bottom 
Figure 63-13 m—— Mica 


PARTIAL 
TREAD PRESSURE-TREATED 
2x4 SLEEPER 
FASTENED TO 


CONCRETE FLOOR 


DOUBLE 
HEADER 
BACKER 


RISER 


STRINGER 
TREAD 


DOUBLE 
HEADER 


g LEDGER BOARD 
NAILED TO DOUBLE E 
HEADER ue R 
in CONCRETE FLOOR `% 

Ledger board is nailed to | 2 x 4 slee eris fasted 

double headers to to concen floor. 

provide additional Bottom of stringers are 
support for stringer. toenailed into sleeper. 


Figure 63-13. Stringers must be securely fastened at the top and bottom since the stringers carry the main load of the stairway. 
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Full tread width fastened 
against stairwell double 
header. 


Partial tread width 
fastened against 
stairwell double header. 


Full tread width fastened 
against header, which 
acts as riser backer. Note 
use of metal strap. 


afety is a major concern in 
the design ofa stairway. A 
high percentage of acci- 
dents occurring at home take 


place on stairways. Most build- . 


ing codes include detailed and 
strict regulations for stairway 
construction. 

Refer to your local building 
code for information regarding 


specific stairway requirements . 


for your geographic area. 


CONSTRUCTING INTERIOR * 
STAIRWAYS 


Stairways must be constructed in 
accordance with the local build- 
ing code. Stairway requirements 
are different for residential and 
commercial construction. The 
International Residential Code 
provides stairway requirements 
for one- and two-family dwell- 
ings and townhouses (multiple 
single-family dwellings) not more 
than three stories high. The Inter- 
national Building Code provides 
stairway requirements for all 
buildings except detached one- 
and two-family dwellings and 
townhouses not more than three 
stories high. The Americans with 
Disabilities Act (ADA) Standards 
for Accessible Design provides 
stairway requirements for public 
and commercial buildings. 


Residential Stairway 
Requirements 


The International Residential 
Code addresses several resi- 
dential stairway requirements 
including stairway width, head- 
room, treads and risers, profiles, 
landings, and handrails. 


Stairway Width. Stairways for 
residential structures should not 


MINIMUM CLEAR | 
HANDRAILS = 36" 


n WIDTH ABOVE — — ——— 


beless than 36" wide at all points 
between the top ofa handrail and 
required headroom height. See 
Figure 64-1. Handrails should 
not project more than 4%” on 
either side of a stairway. In addi- 
tion, the minimum clear stairway 
width at and below the handrail 
should not be less than 31%” with 
a handrail on one side or 27" with 
handrails on both sides. 


MINIMUM CLEAR | 
— WIDTH WITH TWO —— 
HANDRAILS = 27” | 


| 


Figure 64-1. The minimum clear stairway width above handrails is 36". The clear width 
at and below the handrail depends on the number of handrails installed. 
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Headroom Requirements. Head- 
room is the minimum vertical 
clearance between tread nosings 
and the ceiling above. The mini- 
mum headroom for residential 
stairways should not be less 
than 6'-8" measured vertically 
from a line connecting the edges 
of the nosings. See Figure 64-2. 
The minimum headroom must 
be maintained between parallel 
flights of stairs. See Figure 64-3. 


STAIRWELL 


(SECOND FLOOR) 
CEILING LINE 


HEADROOM 
REQUIRED 


FLOOR LINE 
(FIRST FLOOR 


Figure 64-2. Headroam is the minimum 
vertical clearance required and is mea- 
sured fram a line cannecting the nasings 
an the stairway ta any part af the ceiling 
abave the stairway. 


6-8" 


HEADROOM 
REQUIRED 


Figure 64-3. The minimum headroam 
inust be maintained between parallel 
flights af stairs. 
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Riser Heights and Tread Depths. 
The maximum riser height for res- 
idential stairways is 724^measured 
vertically between the nosings of 
adjacent treads. See Figure 64-4. 
In addition, the variation in riser 
heights between the largest and 
smallest riser height should not 
be more than %”. The minimum 
tread depth for residential 
stairways is 10” with the tread 
depth measured horizontally 
from the nosings of adjacent 
treads. The variation in tread 
depth between the largest and 
smallest tread depth should not 
be more than 3%”. 


MINIMUM TREAD 
DEPTH = 10” 


MAXIMUM RISER 
HEIGHT = 734" 


Figure 64-4. The maximum riser height 
far residential stairways is 734" and the 
minimum tread depth is 10". 


Intermediate stringers may be required depending an building cade requirements. 


^" 


Winder treads must have a 10 
minimum tread depth measured 
ataright angle to the tread's nos- 
ing at a line of travel established 
12" from the narrower edge. See 
Figure 64-5. Minimum tread 
depth of winder stairways at the 
narrow end of the tread is 6". 
Within a stairway, the largest 
winder tread depth at a point 12” 
from the narrower end should 
not exceed the smallest tread 
depth by more than 34". 


MINIMUM TREAD 
DEPTH AT LINE 


OF TRAVEL = 10” En 


TRAVEL 


ie SS SS =e 

| E 
-L]] | MINIMUM TREAD 
i|| DEPTH =6” 


Figure 64-5. The minimum tread depth 
at the line af travel is 10". The narrawest 
partian af the tread shauld nat be less 
than 6" wide. 


Stairway Profiles. Stairway pro- 
files include tread nosings and 
riser angles. The nosing of a tread 
is not permitted to have a radius 
larger than %6”. Nosings should 
not be beveled more than 1%”. See 
Figure 64-6. For stairways with 
solid risers, a nosing should not 
extend from the riser less than 34" 
or more than 174". The largest nos- 
ing projection should not be more 
than 26" greater than the smallest 
nosing projection. A nosing is not 
required when the tread depth is 
at least 11". 


MINIMUM 


NOSING = 34" 
MAXIMUM 
NOSING = 1*4" 


To" x Vo" Ne” 
MAXIMUM MAXIMUM 
BEVEL RADIUS 


Figure 64-6. Tread nosings are not per- 


mitted to have a radius larger than 9As". 
Beveled nosings cannot be greater than 
Vo" x Vo", 


TRECE 


- Ramps may be installed to provide” 
| access for individuals with 

| disabilities. Ramps should have 

| a maximum 8.3% (1 in 12) slope... 


Risers can be vertical or angled 
back from the underside of the 
leading edge of a tread. If angled 
risers are specified, the angle 
should be no more than 30? from 
vertical. Open risers are permit- 
ted on residential stairways 
provided the opening between 
adjacent treads does not permit 
the passage of a 4" diameter 
sphere. The opening between 
adjacent treads is not limited to 
4" on stairways with a total rise 
of 30" or less. 


Landings. A floor or landing must 
be constructed at the top and bot- 
tom ofa stairway. However, a floor 
or landing is not required at the 
top of an interior stairway when 
a door does not swing over the 
stairway. Landings must be at least 
as wide as the stairways they serve 
and have a minimum dimension 
of 36" measured in the direction 
of travel. See Figure 64-7. When 
constructing a straight-run stair- 
way, the dimension of the land- 
ing in the direction of travel does 
not need to be greater than 4’-0”. 
A flight of stairs for a residential 
stairway should have a 12'-0" 
maximum total rise between land- 
ings or floors. 


The bottoms of balusters must be accurately cut at an angle for proper fit. 


LANDING MUST 
BE AS WIDE AS 
STAIRWAY B 


STAIRWAY B 


LANDING MUST 
BE AS WIDE AS 
STAIRWAY A 


STAIRWAY 
Ju 


Figure 64-7. Landings must be as wide 
as the stairway they serve and must be at 
least 36" wide. 


Handrails. Handrails must be 
provided on at least one side of a 
stairway with four or more risers. 
The handrail height must not be 
less than 34" or more than 38", 
measured from the tread nos- 
ings. See Figure 64-8. Handrails 
for residential stairways should 
be continuous along the entire 
length of the stairway from a 
point directly above the top riser 
to a point directly above the low- 
est riser. Handrails may be inter- 
rupted by a newel post at a turn 
in the stairway. Handrail ends 
must be returned or terminate at 
a newel post or safety terminal. 
A clearance of at least 1/2" must 
be provided between the handrail 
and wall or other surface. 


FLOOR 


SECOND 


34" TO 38" 

HANDRAIL 
HEIGHT . 
ABOVE 
TREAD 
NOSING 


Figure 64-8. The top of a handrail must 
be 34" to 38" above the tread nosings. 
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Type I or Type II handrails are 
required for residential stair- 
ways. See Figure 64-9. Type I 
handrails are cylindrical hand- 
rails with a minimum outside 
diameter of 11⁄4” and maximum 
outside diameter of 2", or non- 
cylindrical handrails with a 
minimum perimeter dimension 
of 4” and maximum perimeter di- 
mension of 64". Noncylindrical 
Type I handrails cannot have a 
cross-section dimension greater 
than 214". Type II handrails 


Residential Handrails 


are handrails with a perimeter 
greater than 614". Due to their 
perimeter dimension, Type II 
handrails must have a graspable 
finger recess on each side. 


Commercial Stairway 
Requirements 

The International Building Code 
and ADA Standards for Acces- 
sible Design address several 
stairway requirements including 
stairway width, headroom, treads 
and risers, stairway profiles, 


o aa SR HO 


MINIMUM WIDTH 


landings, total rise, circular and 
spiral stairways, and handrails. 
See Figure 64-10. 


ee 


The International Building Code 
of Canada establishes minimum 
requirements to safeguard public 
health, safety, and welfare through 
structural strength, means of egress, 
and adequate light and ventilation. 
It also establishes minimum 
requirements fo protect the safety 
of life and property against 

fire and other hazards. 


Figure 64-9 
ABOVE RECESS = 1%” 
MAXIMUM WIDTH 
MINIMUM ABOVE RECESS = 234" 
, MAXIMUM CROSS 
DIAMETER = 1% SECTION = 2%” æ FINGER RECESS 
= FIN BEGINS WITHIN 
Pa B RECESS € pe ORTOR 
“ BOTH 
| : SIDES (g FINGER RECESS 
: | DEPTH WITHIN 7&^ | 
Tani i E A OF WIDEST PORTION FINGER 
CYLINDRICAL NONCYLINDRICAL 


TYPE | 


TYPE Il 


Figure 64-9. Type I or II handrails are required for residential stairways. 
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Type I residential handrails cannot have a cross-section dimension greater than 21⁄4” 


Commercial Stairway Requirements - | 
Figure 64-10 — ME NET Hint Re dut Hee oit Ra 


|= 11” MINIMUM 
TREAD DEPTH 


à 
4" MINIMUM 

37 77 MAXIMUM 

RISER HEIGHT 


CEILING LINE 


6'-8" 
HEADROOM 


REQUIRED ERAI 


SQUARE 


|. —36^ | 
MINIMUM 


E yr tal 
MINIMUM 


49 OR FEWER 
OCCUPANTS 


50 OR MORE 
OCCUPANTS 


STAIRWAY WIDTH* RISER HEIGHT AND TREAD DEPTH 


CIRCULAR 
STAIRS 


Y" MAXIMUM 
RADIUS 
z 
6° | i 
= AT 
= I = i 
=o E 9 X EIE 
[^ — — | ár FTN pmm 
| z 26 LLL LITT] 
| LANDIN Tu T 
| | I 
MAXIMUM RISER 


- 


EE HEIGHT = 972" 


30* 
MAXIMUM — S| 
x * —MINIMUM STAIRWAY 
LANDING MUST BE 
AS WIDE AS STAIRWAY WIDTH = 2’-2” 
STAIRWAY PROFILE LANDINGS CIRCULAR AND SPIRAL STAIRS 


TWO HANDRAILS ONE HANDRAIL INTERMEDIATE OUTSIDE 
REQUIRED REQUIRED HANDRAIL HANDRAIL 


ALL STAIRWAYS EXCEPT WITHIN A |»—| 
DWELLING UNITS, SPIRAL STAIRWAYS, DWELLING op VTAN 30° / 
AND AISLE STAIRWAYS UNITS 


HANDRAILS 


* for stairways in nonhazardous and institutional buildings 
Figure 64-10. Minimum and maximum dimensions for commercial stairways are different than those for residential stairways. 
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Stairway Width. The stairway 
width for commercial buildings 
is based on building use, the 
number of occupants for which 
the building is designed, whether 
the stairway is equipped with a 
sprinkler system, and whether 
the stairway is to be accessible 
by individuals with disabilities. 
Buildings involved in the manu- 
facturing, processing, or storage of 
hazardous materials require wider 
stairways than typical office build- 
ings for faster egress (exit). For 
stairways constructed in nonhaz- 
ardous and institutional buildings, 
the minimum stairway width is 
44". For occupancy loads of less 
than 50 people, the minimum 
stairway width is 36". However, 
wider stairways may be required 
based on the number of occupants 
and whether a sprinkler system 
is installed. For stairways with 
sprinkler systems, the number 
of occupants is multiplied by .2" 
to determine the stairway width. 
For stairways without sprinkler 
systems, the number of occupants 
is multiplied by .3”. For example, 
a stairway without a sprinkler 
system and a design occupancy of 
200 people must be at least 5’-0” 
wide (200 x .3" = 60" = 5’-0”). 


Headroom Requirements. 
The minimum headroom for 
commercial stairways is 6’-8” 
measured vertically from a line 
connecting the edges of the nos- 
ings. The minimum headroom 
must be maintained the full 
width of the stairway and any 
associated landings. 


Riser Heights and Tread Depths. 
Riser heights for commercial 
stairways are 4" minimum and 
7" maximum with the riser 
heights measured vertically 
between the leading edges of 
adjacent treads. In addition, 
the variation in riser heights 
between the largest and smallest 
riser height should not be more 
than 96". Tread depths must be 
at least 11" with the tread depths 
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measured horizontally from the 
leading edges of adjacent treads. 
The variation in tread depth 
between the largest and smallest 
tread depth should not be more 
than %”. 

Winder treads must have 
an 11" minimum tread depth 
measured at a right angle to the 
tread's leading edge at a point 
12" from the narrower edge. For 
ADA-compliant stairways, all 
stairs should have uniform riser 
heights and tread depths. Stair 
treads must be at least 11" wide 
measured from riser to riser. In 
addition, open risers are not 
permitted for ADA-compliant 
stairways. 


Stairway Profiles. The leading 
edge of a tread is not permit- 
ted to have a radius larger than 
¥", Nosings should not be bev- 
eled more than V7". Risers can 
be vertical or angled from the 
underside of the leading edge 
of a tread. If angled risers are 
specified, the angle should be 
no more than 30? from verti- 
cal. Nosings are not permitted 
to project more than 114” and 
must be of uniform size, includ- 
ing the leading edge of the floor 
at the top of the stairway. For 
ADA-compliant stairways, the 
underside of nosings should 
not be abrupt and the leading 
edge of a tread is not permitted 
to have a radius larger than V", 
In addition, nosing should not 
project more than 114", 


The curved riser is a prefabricated component that is construc 
back and forming the riser around a template. 


Landings. A floor or landing must 
be constructed at the top and 
bottom of a stairway. Landings 
must be at least as wide as the 
stairways they serve and have a 
minimum dimension measured in 
the direction of travel equal to the 
stairway width. When constructing 
a straight-run stairway, the dimen- 
sion ofthe landing in the direction 
of travel does not need to be greater 
than 4-0”. A flight of stairs for a 
commercial stairway should have 
a total rise not greater than 12’-0” 
between landings or floors. 


Circular and Spiral Stairways. Cir- 
cular stairways are required to have 
the same minimum tread depth and 
maximum riser heights as straight- 
run stairways. The minimum tread 
depth, measured 12" from the nar- 
rower end ofthe tread, must not be 
less than 11”. The minimum tread 
depth at the narrower end should 
not be less than 10". 

Spiral stairways are permitted 
in commercial buildings only 
within residential units, or from 
spaces not greater than 250 sq ft 
and serving not more than five 
occupants, or from overhead 
galleries or catwalks. Spiral 
stairways must have a minimum 
tread depth of 714", measured 12” 
from the narrower end. A mini- 
mum headroom of 7’-6” must be 
provided in a spiral stairway, 
and the maximum riser height 
should not be more than 91%”, 
The minimum stairway width for 
spiral stairways is 2’-2”. 


ted by sawing kerfs in the 


Handrails. Commercial and 
ADA-compliant stairways are re- 
quired to have handrails on each 
side. Aisle stairways that are 
provided with a center handrail 
do not require handrails along 
the sides. In addition, stairways 
within dwelling units and spi- 
ral stairways are only required 
to have a handrail on one side. 
Changes in elevation from one 
room to another with only one 
riser do not require handrails. 
Handrail height must not be 
less than 34” or more than 38”, 
measured from the tread nos- 
ings. Intermediate handrails are 
required on wide stairways so 
that no part of the stairway is 
more than 30” from a handrail. 
For ADA-compliant stairways, 
handrails should be continuous 
on each side of the stairway and 
the handrail on U-shaped stair- 
ways must also be continuous. If 
handrails are noncontinuous, the 
handrails must extend at least 
12” beyond the top riser and at 
least 12” plus the depth of one 
tread beyond the bottom riser. 

For optimum graspability, 
cylindrical handrails must have 
a minimum outside diameter 
of 174" and a maximum outside 
diameter of 2”. For noncylin- 
drical handrails, the handrails 
must have a perimeter dimen- 
sion greater than 4” and not 
more than 61⁄4” with a maximum 
cross-section dimension of 214". 
Handrails must extend at least 
12" beyond the top riser and at 
least one tread depth beyond 
the bottom riser. A clearance of 
at least 14%” must be provided 
between the handrail and wall 
or other surface. 


Stairwell Opening 


A stairwell opening must be 
framed in the floor at the top of 
the stairway. In new construction, 
the width and length ofa stairwell 
opening is shown in the prints. 

In remodeling work, a stairwell 
opening may have to be cut into 
an existing floor. 


The width ofa stairwell opening 
should be the same as the rough 
width of the stairs. The stairway 
opening length must be calculated 
to ensure the proper amount of 
headroom between the lower steps 
of the stairway and the end of the 
opening above. See Figure 64-11. 


Figure 64-11 


FLOOR LINE 
(SECOND FLOOR) 


FINISH 
CEILING 


STAIR STORY POLE 


15 EQUAL 
RISERS 


Lay out stair story pole 
showing total rise 

(8'-11") divided into 
equal number of risers. 


FINISH 
CEILING 


STAIR 
STORY 
POLE 


POINT B 
(6’-8” BELOW 


Straight-Flight Stairways 


A. straight-flight stairway is 
the simplest type of stairway 
to build. Figure 64-12 shows 
a procedure for constructing 
a straight-flight stairway from 
the first to second story of a 
building. 


jth 


From 
second 
floor line, 
measure 
down the 
subfloor 


FLOOR LINE 
(SECOND FLOOR) 


thickness, 
header 

. width, and 
finish — 
ceiling — 
material 
thickness. | 
Mark point A, 
whichis 
finish ceiling 
surface. | 


FINISH 
CEILING 


>d y € 


T E a 


Meaure 6'-8" 
down from 
bå finish 
. Ceiling and | 
mark point. B. 


FINISH 
FLOOR LINE 


FM» 


6’-8” 
MINIMUM 
HEADROOM 


o Starting mm me "— y 
that falls directly below 
point B, count number of 
' treads (1 3) to top of stairs. 


Multiply 13 bythe een width. (In this example, 
tread width is 10%") Result of 13 x 10%” is equal 
to 138%” or 11-61”, which is the required 
stairwell opening length that will provide 


minimum 67-8” headroom clearance. 


Figure 64-11. The length of a stairwell opening must be properly calculated to ensure 


the proper amount of headroom. 
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Constructing Straight-Flight Stairways — 18347 
Figure 64-12 mm m 


FLOOR LINE 
(SECOND FLOOR) 


mt E gt | » T ~ a 
b f . 
2 DOUBLE 
p = 


FINISH ig, A HEADER 
STRINGER / 


f/ CUT-OUT SINE 
/ j FASTENED TO 
FINISH | 4 FINISH STRINGER 
WALL P / 


FLOOR LINE Qs. Jit? © x 
(FIRST FLOOR) ye a 7 P CUT-OUT 


STRINGER 


MIDDLE CUT-OUT 
STRINGER 
(IF REQUIRED) 


DROPPED 
STRINGERS 


1) Fasten finish stringer to wall. Nail through finish wall into (2) 


Position and fasten supporting cut-out stringers. Install 
wall studs. 


middle stringer if stairway is wider than 36”. 


ET ; ee mm 


TREADS 
DROPPED NAILED IN 


STRINGER 
FINISH RISERS PLAGE 


NAILED IN PLACE 


© Fit and nail risers to the vertical surfaces of cut-out stringers. © Fitang nail treads to the 
stringers. 


Figure 64-12. A straight-flight stairway runs directly between different floor levels. 


horizontal surfaces of cut-out 
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Fora straight-flight stairway with 
a landing, the first step is to frame 
the landing. The stairway is then 
constructed against the landing. 
Figure 64-13 shows a procedure for 
constructing an L-shaped stairway 
with a landing. The stairway in this 
example is open on one side. 


4'-AVg" 

ONE-HALF THE 

TOTAL RISE 

(SEVEN 712” 

RISERS) 
8’-9” 

TOTAL RISE 
(FOURTEEN 


TOTAL RISE 
(SEVEN 712” 
RISERS) 


FLOOR LINE 
(FIRST FLOOR) j — 


Multiply one-half number of ers 


establishes landing height as 52%”, 
or4-4v. : 


POSITION AND FASTEN 
FINISH STRINGER 


POSITION AND FASTEN 
CUT-OUT STRINGER 


FINISH 
WALL 


LANDING 
FRAMEWORK 


POSITION AND 
FASTEN CUT-OUT 
STRINGERS 


72” RISERS) 


© ne Hara arene ana install 
(14 +2 = 7) by 7%” riser height. This | 


Stairways with Winders 
Most stairways with winders are 
L-shaped. Instead of a landing 
separating the flights, a series of 
winder treads are used to make 
the turn. The winder section of 
most L-shaped stairways consists 
of three or four treads. 


7 RISERS AND 
6 TREADS 


subfloor. Landing framework is - 
fastened to floor and wall. = . |. 


" CUT-OUT 
STRINGER 


gFIT AND FASTEN 
RISERS 


Figure 64-13. When constructing an L-shaped residential stairway with a landing, the 
landing is built first. Stringers from the first floor to the landing, and from the landing 


to the second floor, are then installed. 


Stairways with winders are 
not as safe as straight-flight 
stairways. The depth of a winder 
tread varies from one end to the 
other. Stairways with winders 
are usually installed only where 
space does not permit a straight- 
flight stairway with a landing. 
See Figure 64-14. 


| ays. 
6k aesti dia as «cr left-or — 
ht-handed stairways. e | 
irection is determined by the — 


turn a stairway makes KEN 


FIRST FLOOR 


If regular L-shaped stairway is used, 
there will be 6 treads in each section 
and stairway would project into door 
opening. mud 
THREE TREADS 
IN KNIE AREA 


SECOND 


RTENED 
FIRST FLOOR SH ATEN 


TREADS 


Use of winder section in place of 
landing shortens second straight 
flight by 2 steps, allowing top of 
flight to be on one side of door 
opening. 


Figure 64-14. Winders are installed when 
space does not allow a straight-flight 
stairway with a landing. 
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An important dimension that 
must be established in designing 
a stairway with winders is the 
line of travel. See Figure 64-15. 
The line of travel is measured 
from the turn at the narrow ends 
of the winder steps, and is the 
place where a person is likely to 
walk when using the stairway. 
The line of travel is 12" per the 
International Residential Code 
and International Building Code. 
The depth ofa winder tread at the 
line of travel should be 10" for 
residential construction and 11^ 
for commercial construction. The 
narrow ends ofthe winder treads 
should be at least 6" deep. 

The building codes specify 
a minimum width of 6" at the 
narrow ends of winder treads. 
In this case, it is not possible to 
maintain a 10" tread depth with 
a 12" line of travel. Therefore, 
the winder treads at the line of 
travel will be deeper than the 
tread depth ofthe straight-flight 
section of the stairway. 

If a stairway with winders is 
open on one side, the narrow 
ends must be mortised into a post. 
If the stairway is enclosed by 
walls on both sides, supporting 
stringers are required at the nar- 
row and wide ends of the winder 
section. Cut-out or housed string- 
ers can be used. Prefabricated 
winder stairways are usually 
built with housed stringers. 

Before a stairway is installed, 
the winder section should be 
laid out to full scale in the floor 
area where the stairway is to be 
installed. Only from a full-scale 
layout can dimensions be ob- 
tained for the cuts of the stringer. 
General steps in the layout and 
construction of a stairway with 
a three-part winder section are 
shown in Figure 64-16. 


Á =) The greatest winder tread depth - 

«4 atthe line of travel must not 
exceed the smallest winder tread 

depth by more than 34", 

measured at a right angle to 

the tread's leading edge. 
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Winders _ 
Figure 64- 15 


LINE 
OF TRAVEL 
EQUALS 12” 


TREAD! 
ESS 


THREE-PART 


FOUR-PART 


Figure 64-15. The line of travel for a stairway with winders is 12”. Whenever possible, 
the depth of a winder tread at the line of travel should be the same as the tread depth 
along the straight-flight section. 


Semicircular landings are used to separate flights of stairs in this commercial stairway. 


Laying Out and Constructing Three-Part Winder Stairways _ 
Figure 64-16 7" a pm 


INTERIOR WALL 5 USE DIVIDERS 
Ò 
ar INSIDE a TO DIVIDE LINE OF 
SEESTEP2 | | | L CORNER 2 E TRAVEL BETWEEN 
FOR INSIDE : | | B DETAIL z z LINES C INTO THREE 
CORNER Peu | $ o o EQUAL SPACES EGRE 
PB 3 [10,11 12 | 13 m aw 6" LINE OF SPACE 
i D 1 1 
«| CHALK LINE i TRAVEL 
| a 
|o B Í EQUAL -F 
mJ 4% SPACE ^. A" 


/ ARC E 12" 


INTERIOR WALL 


© 
3710/5" —— POINT A ud 


FIRST 
E a FLOOR POINT B 


CORNER 
ees) DETAIL 


DETAIL OF STAIR 
CORNER LAYOUT 


Mark lines for winder treads as follows: 
A. Draw lines C across the stairway 
extending from points B. 


B. Mark 12" line of travel D at 
tops of the straight-flight 
sections of stairway. 


Lay out stairway on floor. Dimensions 
for this 3-part winder stairway will 
produce 10" tread at 12" line of 
travel. Width is 36". There are 13 
treads and 14 risers. 


Mark depths of narrow ends of 

winders as follows: 

A. Measure back 414” from inside 
corner to establish Point A. 
This provides a minimum 6" 
tread depth at the narrowest 
part of the tread. 


C. Draw 12" arc E from corner until it 
meets straight-flight sections to 
establish line of travel. 


D. Using pair of dividers, divide line 
of travel between the two points B 
into three equal parts. Label these 
as points as F. 


WINDER STRINGERS 

ARE FASTENED 4 
TO FINISH 
STRINGER 


B. To establish point B, measure 


DRAW LINES 6" from Point A. 


FROM POINTS A 
AND THROUGH 
POINTS F 


WINDER 
STRINGER 


FINISH 
STRINGER 


POINT F èT - 
l 
LINE OF- L\ 
POINTS A 


TRAVEL | 


Draw lines from two points A at narrow 
ends of treads through two points F 
established on line of travel. 


WINDER _ 
STRINGER 


| m 
! if] WINDER 
l L-SHAPED k, A CORNER 
r — WINDER 

| 


WINDER | STAIRWAY PIECES 
, STRINGERS uod i i 
^ E e STRINGERS Q Mark and cut stringers for winder 
PA | | steps. Heights of risers will be equal. 
WINDER Dimensions of three winder treads 
f a | CORNER taken from the floor layout. 
Vi, S kSTRAIGHT- PIECES 
d (FLIGHT WINDER 


FINISH 


ff | 'STRINGERS 
d WALL 


STRINGE 


OUTSIDE 


WINDER AND 
STRAIGHT-FLIGHT 
"n ^ STRINGERS 
= OMITTED 
(IF REQUIRED) NS N FOR CLARITY 


Q Position and nail finish winder and straight-flight stringers to wall studs. 


Q Nail risers and treads in place. 


Figure 64-16. Before a stairway is installed, the winder section is laid out to full scale in the floor area where the stairway is to be 
installed. In this example, the line of travel is 14”. The tread depth along the winder and straight-flight line of travel will be 10”. The 
total width of the stairway is 36”. 


Unit 64 Stairway Construction 703 


INSTALLING 


PREFABRICATED 

STAIRWAYS 

Stairways with housed stringers SR 
are usually prefabricated in a 

shop and installed by carpenters GROOVES 


who work for a stairway subcon- 
tractor. Grooves in the stringers, 
Figure 64-17, are routed with a 
router using a special template. 


GLUE WEDGE 
HOUSED 
STRINGER 


RISERS AND TREADS 
PLACED IN GROOVES m i 
AND SECURED BY GLUE ; GROOVES 
BLOCKS AND WEDGES í 


md iy 


Figure 64-17. Grooves in a housed stringer 
are made with a router. 


Figure 64-18. When assembling a stairway with housed stringers, the risers and 
treads are placed in the grooves and secured with glue and wedges. Glue blocks 
fasten the bottoms of the risers to the edges of the treads. 


The entire staircase is deliv- 
ered to the job site in sections, 
which include the stringers, fin- 
ish treads and risers, and railing 
components. Stairway stringers 
are installed first. Next, the pre- 
cut treads and risers are set into 
the grooves of the stringers and 
secured with glue and wedges. 
See Figure 64-18. Glue blocks 
fasten the bottoms of the risers 
to the edges of the treads. Glue 
blocks (instead of nails) are used 
with housed stringers to reduce 
the amount of squeaking. If one 
side of the stairway is open, 
a mitered stringer is used in 
which the corner joints of the 
risers and stringers are mitered. 
See Figure 64-19. 


Mitered Corner Joints of Rise 
Figure 64-16 ^ | 


and Stringer | 


RETURN 
NOSING 


BALUSTER 


HOLE FOR 
BALUSTER 


MITERED 
CORNER 


GYPSUM 
BOARD 


MITERED 
RETURN NOSING 


"Squeaky" treads and risers are a 
common complaint from occupants 
or owners of houses with older 
stairways. Squeaks may be a result 
of settlement of the house, wood 
shrinkage, and frequent use of the 
stairs, which causes separation of 
the treads from the stringers 
and/or risers. 


MITERED STRINGER 


ee ULL Ln. M 4 


ne In a mitered stringer, the corner Joints of the risers and the stringer are 
mitered. 
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CONSTRUCTING 
EXTERIOR STAIRWAYS 


A variety of exterior stairways are 
used for access to front and rear 
entrances, decks, and porches. 
An exterior stairway may be con- 
structed entirely of wood, or its 
treads and risers may be finished 
with stone, tile, or other nonwood 
material. See Figure 64-20. Con- 
crete is also a common material 
to use for exterior stairways due 
to its durability. 

The basic layout methods for 
constructing wood exterior stair- 
ways are similar to those for in- 
terior stairways. One difference 
between exterior and interior 
stairways is that the riser height 
for exterior stairs is typically 6^ 
to 7" rather than the 7” to 71%” 
common for interior stairs. 

The steps ofan exterior stairway 
may be finished with enclosed 
treads and risers, or therisers may 
remain open. See Figure 64-21. If 
an enclosed tread and riser design 
is used, the tread surfaces of the 
stringers are cut at a slight angle 
to provide a 1%” forward slope to 
provide proper water drainage. 

A concrete bottom step is rec- 
ommended for wood stairways 
ifthe bottom ofthe stringer does 
not rest on a concrete slab. If 
wood posts are used as part of 
the stairway structure, the posts 
should be supported by concrete 
piers that extend into firm soil. 

One procedure for construct- 
ing an exterior stairway is shown 
in Figure 64-22. In this example, 
the stairway leads to a landing at 
the rear of the building. 


=| Ramps may be constructed 
adjacent fo a building to provide 
access for individuals with 
disabilities. Section 1010 of the 
National Building Code outlines the 
requirements for ramps used as ` 
a means of egress. Items such as 
ramp slope, cross slope, vertical 
rise, minimum dimensions, landings, 
and changes in direction are 
addressed in this section. 


[ess 64-20. Um exterior stairway may "bà constructed of wood or zi iz "Ed visits 
nonwood materials. 


Exterior Tread and Riser Designs _ se 


Figure 64- 21 
TREAD - SPLIT TREADS 
ira za Es i 
ISER B PEU =. 1 
'&" FORWARD E^ OPEN RISERS ) 
SLOPE FOR H A 
WATER DRAINAGE S 
i ` TREAD di — 
N 
l] ES 
| E. t Was a 
Uist WATER ~ CUT-OUT 
"DRAINAGE. 


^ WATER 


7 CUT WITH *&" SLOPE DRAINAGE. 
E T 
SERE" OPEN TREAD 


Figure 64-21. The steps of an exterior stairway may be finished with enclosed treads and 
risers or the risers may remain open. 


Exterior stairways must be properly supported at the top. 
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Constructing Exterior Stairways with Landings 
Figure 64-22 EXTERIOR DOOR 


| .POSTS AND 
L| BRACEIN | 


pee M: 


E 


CONCRET 
STEP 


Construct form for the concrete 
| step and position concrete piers. 
- Mes - 6/-0^ LN D 


RI L] 
PLAN VIEW Pd HANDRAIL 
4x 
Eee 


HANDRAIL 


MIDDLE; 
STRINGERH— —-10" 


Position posts on concrete step and 
piers. Plumb posts and tack in 


aces. 
r= 


= X. LAG BOLTS W ge 


i 
QoS AND WASHERS 


ms 
È MP 


2x6 
HEADER 


4x4 JOISTS 
POST  (24"OC) 


o Construct landing using 2 x 6s for 
joists and headers. Header against |, 
building should be fastened with 
lag bolts that penetrate into wall 
studs. Use 2 x 6 planks to deck 
over the landing. 


CONCRETE STEP 
AND WOOD PAD 


@ Measure and cut required stringers 
(7" risers and 10” treads). Position 
and fasten stringers to posts, 

step pads, and header. 


HANDRAIL 
HEIGHT 
34” TO 38” 


CUT OFF 
POST TOP} 


~~ 


24" FRAMING N 4 
SQUARE 


CUT-OUT - 
7" STRINGER 


CONCRETE 
PIER 


Align square tongue along 
bottom of straightedge. 24” 
measured at right angles 
usually results in 34” on 

a vertical line. 


“< TREAD OVERHANG 


ON BOTH SIDES 


(5) Place treads consisting of two 2 x 6 planks. 
There should be %” space between two 

pieces and forward piece should project 1” 
past the riser cut below. 


Figure 64-22. Stairways must be properly supported. The stairway in this example is supported by a concrete step at the bottom, 
concrete piers, and a 2 x 6 header at the top. 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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Post-and-Beam Construction 


UNIT 65 Post-and-Beam Construction ... 708 
UNIT 66 Heavy Timber Construction 72 LU 


Y a died 
hac — ut 


ost-and-beam construc- 
tion methods were made 


part of North American 


culture as early as 1620 when - 


English settlers began arriving. 
Early post-and-beam construc- 


tion consisted of a basic frame . 
of posts and beams. Spaces be- ` 


tween the posts and roof beams 
were filled with wattle, which is 
an intertwined mixture of twigs, 
reeds, and branches that was cov- 
ered with mud. All materials for 


the building were found locally - 


with the exception of square-cut 


nails, which were imported from : 


England until the settlers were able 
to produce their own. 


Post-a nd-B sat 


Constructiof 


A revival of post-and-beam 
construction began in the 1940s 
and continues today. Three types 
of post-and-beam construction 
are residential post-and-beam, 
timber frame, and post-frame. 
While there are some similari- 
ties among the types, there are 
several important differences. 

In the past, tongue-and-groove 
planks were frequently used for 
the floor and roof coverings of 
post-and-beam buildings. Thus, 
post-and-beam construction 
at one time was referred to as 
plank-and-beam construction. 
With the availability of new 
materials and methods today, 
planks are used less often. 


George Riley, Classic Post & Beom 


Roof and floor planks are kiln-dried to remove excess moisture from the lumber. 
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LO 


n E An informative Source for post P i 
| and-beam construction is the 
.. Canadian Wood Council. — . 


POST-AND-BEAM 
CONSTRUCTION 


In post-and-beam construction, 
large wood members are used 
to frame the structure and cre- 
ate large, open areas within the 
building. The basic framework 
of a building consists of vertical 
posts and horizontal or sloping 
beams. The posts in the exterior 
walls of the house support the 
beams that are part of the roof 
and ceiling. Posts may also be 
used beneath beams that support 
the floor. Figure 65-1 compares 
the framework of a post-and- 
beam house with a conventional, 
platform-framed house. 

The exposed wood beams in 
post-and-beam construction 
provide an attractive, natural 
look to the structure interior. The 
beams may be solid wood, or 
engineered wood products such 
as built-up beams, glulam, or 
laminated veneer lumber beams. 
See Figure 65-2. Floor-to-ceiling 
windows can be set between the 
wall posts of exterior walls, pro- 
viding a great amount of natural 
light to the interior. 


Post-and-Beam vs. Platform-Framed Construction 
=z - ——— : — TAI ee - = n ^i = x 


f = M D hee VACA SONY 
| Figure 65-1 E Ao DOUBLES 
ACY ROORSY SS TOP. PLATE VA 
AY dm E : SANA zi ^ 
t SHEATHING OAN S» 


RUGS 


LOWER WINDOW 


E CRIPPLE STUDS 
: ee FOUNDATION ; é eR FLOOR JOISTS 
e oC WALL A DS AND 
g0% " : j OISTS SET BOTTOM PLATE 


CONCRETE 


POST-AND-BEAM CONSTRUCTION PLATFORM-FRAMED CONSTRUCTION 


Figure 65-1. A post-and-beam structure is framed with posts and beams, providing large unobstructed areas within the building. 


be placed over posts that are 
supported by concrete piers. 
The prints indicate the speci- 
fied spacing between beams. 
Beams are tied to posts with 
metal connectors. The outside 
ends of the beams rest on top 
of the foundation walls. Wood 
planks or a panel subfloor is 
nailed to the tops of the beams. 


Wood Beams 


PLYWOOD LAYERS 


LAMINATED 
VENEER 


GLULAM 
BEAM 


VENEER 
BEAM 


BUILT-UP 
BEAM 


SOLID 


LUMBER (LVL) 


Figure 65-2. Solid and engineered wood products are used as beams in post-and-beam 


construction, 


Metal connectors are used to 
fasten key structural members 
together. See Figure 65-3. Plain 
and ornamental connectors are 
available, and are attached with 
nails, lag bolts, or machine bolts, 
depending on the application. 
Holddowns and anchor tiedown 
systems are required in seismic 
and hurricane areas. 


Post-and-beam houses are con- 
structed over any conventional 
foundation system including 
full-basement, crawl-space, and 
slab-at-grade. 


Post-and-Beam Floors 


Although conventional floor 
joist systems can be used, solid 
or engineered wood beams can 


See Figure 65-4. 

Post-and-beam systems are 
often used beneath the first floor 
of a platform-framed building. 
In some sections of the United 
States, posts and beams over 
piers may serve as the foundation 
support for the building. 

The size of beams used for a 
floor depends on the live and 
dead loads and on the span be- 
tween supports. Beams with 4” x 
8” nominal dimensions are of- 
ten used when the beams are 
spaced 4’ OC. 
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BEAM 
HEADER HANGER 
BEAM HANGER 


DN ITE Li: 
POST CAP END CAP 


TWIN POST AND 
END CAPS 


_Post-and-Beam Floor Construction 
Figure 65-4 {| - 


POST CAP END CAP 


POST AND 
END CAPS 


Figure 65-4. In a past-and-beam flaar system, flaar beams are used instead af joists. In 


this example, the flaar beams are spaced 4' OC and are su 
concrete piers. The deck material is 1%” thick plywaad. 


710 CARPENTRY 


pparted by pasts resting an 


Covering Post-and-Beam Floors. 
Two-inch-thick tongue-and- 
groove planks have traditionally 
been used for post-and-beam 
floors. Plank flooring is in- 
stalled so joints between butt 
ends are staggered. Each plank 
should span at least two open- 
ings between floor beams. See 
Figure 65-5. Post-and-beam floors 
may also be constructed using 
1¥8” thick tongue-and-groove 
OSB or plywood panels. 


FLOOR PLANKS 
MUST SPAN 
TWO SPACE 


FOUNDATION 
WALL 


Floor planks must span at least two 
spaces between beams. Joints should 
fall directly over center of floor beams. 


FLOOR PLANK FLOOR PLANK 


TO 


GUE 


Joints between end joint boards do 
not have to fall over floor beams. End 
joint boards have tongue-and-groove 
design at butt ends. 


Figure 65-5. Floar planks must span 
at least twa openings between beams. 
Ends af end joint boards da nat need to 
fall aver beam centers. When installing 
plank flaaring, joints between butt ends 
are staggered. 


Where heavier loads are an- 
ticipated, such as a bearing 
partition, bathtub, or refrigera- 
tor, additional framing should 
be installed beneath the floor to 
transmit the load to the beams. 


Post-and-Beam Walls 


The walls of a post-and-beam 
building are constructed of 
posts spaced 4’, 6’, or 8’ OC. 
Posts may be solid or engineered 
products, and should be no less 
than 4” x 4” nominal size. Post 
size is determined by the load 
it must support and by wall 
height. A long post without lat- 
eral bracing may buckle. As the 
post buckles, the top plate sags. 
Buckling can be reduced by 
using a wider post. A properly 
sized post supports the weight 
and keeps the top plate straight. 
See Figure 65-6. 


UNDERSIZED 
POST BUCKLES 


BOTTOM} 
PLATE 


PROPERLY 
SIZED POST 


UNDERSIZED 
POST 


Figure 65-6. The wall height of a 
post-and-beam building and the load it 
must support determine the size of the 
post that should be used. An undersized 
post may buckle. 


One method of constructing 
post-and-beam walls is to nail 
the posts to a bottom and top 
plate. See Figure 65-7. Another 
method is to anchor the post 
bottom directly to the floor with 
a metal bracket. Posts that butt 
directly to beams should be re- 
inforced with a strap or bracket. 
See Figure 65-8. 

Spaces between perimeter wall 
posts can be filled in using con- 
ventional framing and sheathing 
methods, or structural insulated 
panels (SIPs) can be used. The 
exterior surfaces are finished 
with the same materials as used 
for wood-framed construction. 


T-SHAPED 
METAL 
BRACKET 


Figure 65-7. Wall posts may be nailed to 
the top and bottom plates. 


Framing between Posts. When 
framing between posts, the 
studs may be held back the 
thickness of the exterior sheath- 
ing. When the sheathing is ap- 
plied, the outside face of the 
post remains visible. The studs 
may be aligned flush with the 
post, in which case the post will 
be covered when sheathing is 
applied. See Figure 65-9. 


Figure 65-8. Brackets or metal straps are 
used to fasten the posts directly to the floor 
and to the beam at the top of the posts. 


EXTERIOR 


STUDS AND BOTTOM SHEATHING 


PLATE HELD BACK THICKNESS 
OF EXTERIOR SHEATHING 


INSULATION 


GYPSUM 
BOARD post 
STUDS AND 
BOTTOM PLATE 
FLUSH WITH 


POST FACE 


EXTERIOR 
, SHEATHING 


INSULATION 


~ FOUNDATION 
WALL 
BOTTOM 


PLATE 
y GYPSUM 


BOARD 


EXPOSED POSTS 


COVERED POSTS 


Figure 65-9. Studs placed between posts are either held back the thickness of the exterior 
sheathing or are flush with the face of the posts. 
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Gypsum board or other in- 
terior wall finish material is 
applied to the interior side of 
the wall. The space between the 
exterior sheathing and interior 
wall finish material is filled 
with insulation. 


Post-and-Beam Roofs 


The main structural members 
of a post-and-beam roof are the 
exposed ridge beam, roof beams, 
and planks or panels used for 
the roof covering. See Figure 
65-10. This type of combined 
roof-ceiling design, called a 
cathedral roof, is also used over 
buildings that have conven- 
tional wood-framed walls. 


Post-and-Beam Roof Designs. 
The basic post-and-beam roof 
designs are longitudinal and 
transverse. See Figure 65-11. A 
good grade of appearance lum- 
ber should be installed for roof 
beams. Solid lumber and en- 
gineered wood products, such 
as glulam or laminated veneer 
lumber (LVL), are commonly 
used. Roof trusses may also be 
used for transverse roofs. 

Longitudinal roof beams run 
the full length of the building 
and are supported by posts at 
each end. In larger buildings, 
it may be necessary to provide 
intermediate supports between 
the ends. 

Transverse roof beams extend 
from the exterior walls to the 
ridge beam. One end of each 
roof beam rests over a post in 
the exterior wall. The other end 
butts against or rests on top of 
the ridge beam as shown in Fig- 
ure 65-12. 

The procedure for calculating 
the length of a transverse beam 
and marking the angle cuts is 
basically the same as for com- 
mon rafters. Reviews of these 
layout methods as they apply to 
transverse beams are shown in 
Figures 65-13 and 65-14. 
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Kolbe & Kolbe Millwork Co., Inc. 


Figure 65-10. Exposed roof beams and plank decking materials are characteristic of 
post-and-beam construction. 


Post-and-Beam Roof Construction 


Figure 65-1] 
LONGITUDINAL 
LONGITUDINAL RIDGE BEAM ROOF BEAMS 
ROOF BEAM RUN FULL 


BUILDING 


STRUCTURAL LENGTH 


INSULATED 
PANELS 


WALL POSTS 
SUPPORT | 
LONGITUDINAL 
ROOF BEAMS 


LONGITUDINAL ROOF BEAMS 


RIDGE 


TRANSVERSE 
ROOF BEAM 


STRUCTURAL 
INSULATED 
PANELS 


TRANSVERSE 
ROOF BEAMS 


WALL POSTS 
SUPPORT 
LONGITUDINAL 
ROOF BEAMS 


Figure 65-11. Two basic post-and-beam roof designs are the longitudinal and transverse 
designs. 


Securing Ridge Ends * 
of Transverse Beams 
Figure 65-12 : 


METAL STRAP 


RIDGE BEAM 


METAL STRAP 


METAL NAILING PLATE 


JOIST HANGER 


JOIST HANGER AND 
METAL STRAP 


Figure 65-12. The ridge ends of transverse 
beams are secured to the ridge beam with 
metal straps, metal nailing plates, or joist 
hangers. 


Laying Out Roof Beams That Butt against a 
Ridge Beam 


. Figure 65-13 


RIDGE END OF 
ROOF BEAM 


Measure from ridge 
plumb line and mark 
heel plumb 


1 Mark ridge plumb 
line. 


LB Mark for seat cut. 


Mark plumb line for 
overhang tail cut. 


ONE-HALF 
RIDGE BEAM 
THICKNESS 


Deduct one-half 
ridge beam 
thickness and 
mark second 
plumb line. 


ROOF BEAM 
OVERHANG 


Laying Out Roof Beams That Rest on Top of a 
Ridge Beam 


RIDGE END OF 
ROOF BEAM 


line and mark heel 
plumb cut line. 


Mark ridge 
plumb line. 


4) Lay out seat cut. 


Mark plumb line for 
overhang tail cut. 


ONE-HALF 
RIDGE BEAM 
THICKNESS 


ROOF BEAM 
OVERHANG 


Lay out seat cut 
(one-half ridge 
beam thickness). 


A y A d 


RESTS ON TOP OF RIDGE BEAM 


Figure 65-14. Transverse roof beams may rest on top of the ridge beam. 


Roof Covering. Tongue-and- 1%”, 2%”, and 3%” thickness- 
groove planks have been tradi- es. See Figure 65-15. Another 
tionally used for roof decking. traditional material for roof 
The planks are available in covering has been 1%” thick 
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tongue-and-groove plywood 
panels. If the underside of 
roof decking is to be exposed, 
insulation must be placed on 
top of the deck. A standard 
procedure is to first place a va- 
por barrier and then rigid insu- 
lation. See Figure 65-16. After 
the insulation is installed, a 
variety of standard roof finishes 
can be applied. 

Structural insulated panels, 
similar to those used for walls, 
have gained wide acceptance 
as a post-and-beam roof cover- 
ing. SIPs offer the advantage of 
sheathing and insulation. 


FASCIA 
BOARD 


| TONGUE-AND- 
|GROOVE ROOF 
| PLANKING 


Constructing Post-and- 
Beam Buildings 


Figure 65-17 shows a procedure " Eee oa 
for constructing a post-and-beam |'ONGU ERE $c 


framework. However. the proce- Figure 65-16. Typical insulation over a 
j ; post-and-beam roof consists of a vapor 


dure may vary depending on the Figure 65-15. Roof planks are 142”, 2%”, barrier and rigid insulation placed under 
design ofa particular structure. or 3⁄2” thick. the roofing material. 


Constructing Post-and-Beam Framework. 


Position and fasten 
transverse roof beams to 

ridge beam and top plates. 
(Roof beams are placed 
directly over wall posts.) 


© Fasten top plates to posts. 


(4) Position and secure ridge 
beam to top of two ridge 


beam support posts. 


RIDGE BEAM Fu 
SUPPORT POST A | 
AT EACH END á | 


OF BUILDING Zin | 
"m O RIDGE BEAM 


SUPPORT 
POST 


METAL 
NAILING 
PLATES 


HT RIDGE BEAM TOP 
| SUPPORTPOST PLATE 


TEMPORARY 
BRACE 


1) Set up and plumb 

corner posts. Tack 
temporary braces to 
posts to secure 
them in position. 


o Lay out and place 
intermediate posts. 


Plumb and secure the 
posts in position by 
tacking them to 
temporary horizontal 
braces whose ends 
are secured to corner 
posts. 


WALL 


RIDGE BEAM 
SUPPORT 


Figure 65-17. When constructing the framework for a post-and-beam house, the corner posts are first installed and plumbed. 
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Interior partitions are erected 
after the outside wall and roof 
construction has been completed. 
Standard framing procedures are 
used to erect interior partitions. 
The tops of partitions placed 
across the width of the house 
must be sloped to the shape of 
the roof. Figure 65-18 shows two 
methods for constructing interior 
partitions. In one method, the 
lower wall section is framed on 
the floor and raised into place. 
Studs for the top section are cut 
to length and placed in position 
over studs in the lower section. 
In another method, the interior 
partition is framed with full- 
length studs running from the 
bottom plate to a top plate nailed 
below the roof. One or two rows 
of blocking may be required with 
this method. 


Post-and-beam buildings are 
usually framed with tongue-and- 
groove decking and insulated 
with rigid foam insulation. Since 
the interior face of the roof deck 
is exposed, a vapor barrier is 
placed on top of the deck and 
at least two-thirds of the total 
insulation value of the roof must 
be above the vapor barrier. 


ee 
72 IRN Fac a 


Building Interior Partitions in Post-and-Beam 
Houses 


Figure 65-18 


UPPER WALL SECTION 

IS "FILLED IN" AFTER LOWER 
SECTION IS RAISED AND 
FASTENED IN PLACE 


TOP PLATE 


[S TH 


With this method, lower wall section is framed on floor and raised into Ey 
After lower section is fastened, top section can be "filled in." 


LOWER WALL 
SECTION 
FRAMED ON 
FLOOR AND ELLE 31 
RAISED INTO 
POSITION 


| 
| 


FIRE BLOCKS | 


TOP PLATE NAILED 
BENEATH ROOF RAFTERS 
O5 


| NR I 
SECOND ROW 
BOTTOM OF FIRE BLOCKS 


PLATE 


With this method, interior partition is framed with full-length studs. One or two 


rows of fire blocks are required, depending on the building code. 
—— ——— — ——————— 


Figure 65-18. Interior partitions in an exposed-roof post-and-beam house may be built 
as one or two sections. 


m Riley, Classic Post & es 


Timber frame walls and other components are transported to the job site by truck. 
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4 Glulam iP must be treated 
* with care during storage at a 
job site. Place the glulam timbers 
on a firm, level surface to avoid 

. warpage. Support glulam 
timbers with blocks to provide 
adequate and uniform support. 
If a covered storage area is not 
available, the timbers should be 
blocked well off the ground at a 
well-draining location. Glulam 
timbers should be separated 
with stickers arranged vertically 
over the block supports so air 
can circulate around all sides of 
each member. Long members 
should be stored on edge. 


TIMBER FRAME 
CONSTRUCTION 


Post-and-beam and timber frame 
houses appear very similar in 
that they both provide viewing of 
exposed beams and permit large 
open spaces within the build- 
ing. In post-and-beam construc- 
tion, vertical loads are carried 
by beams that rest on posts. In 
timber framing, vertical loads are 
conveyed to the posts through 
bents. A bent is a structural, inter- 
connected system oftimbers con- 
tained in a wall. The framework 
for a small timber frame building 
is shown in Figure 65-19. Several 
bent designs are shown in Figure 
65-20. 


Timber Frame vs. Post-and- -Beam Framework 


Figure ó5- 19 


ROOF 
PURLIN RIDGE 


COLLAR TIE 


pap: 
JL RE 


i Za EE 
NES EI D | 
Bi e 


- EH. 


KNEE WALL 
BRACE GIRT PURLIN 


TIMBER FRAME 


RIDGE BEAM 
TRANSVERSE TRANSVERSE 


ROOF -. = ROOF BEAM 


WALL POSTS 
SUPPORT 
TOP PLATE 
AND RIDGE 
BEAM 


POST-AND-BEAM 


Figure 65-19. The framework of a timber frame building differs from a conventional 
post-and-beam building. 


Er ram Classic Post & Beam 


The top plate and posts must be leveled or plumbed, respectively, to ensure a properly constructed building. 
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Bent Designs 
Figure 65-20 


KING POST 


Larger walls are raised and set 
in place by crane. Wall and roof 
construction for timber frame 
houses is similar to post-and- 
beam houses. 


a Eye insat —'- 
da Construction (AITC) is the 
national c al trade © 
association of ihe structural z” 

. glved laminated (glulam) ti timber. 
_ industry. SNTC represents glued | 


Forms a gable roof. Posts can be 
increased in length for a 
1% or 2 story house. 


HAMMERHEAD 


- laminated timber manufacturers ‘ 
in the United States, in addition 
"m a number of installers, JJ 
suppliers, sales represent ives, 
engineers, atti ,d 
and researchers. 


POST-FRAME 
CONSTRUCTION 


Post-frame construction consists 
of wood roof trusses or rafters 
connected to vertical posts or 
timbers. Post-frame construction 
is used for small, medium, and 
large commercial and agricultural 
structures. In the past, post-frame 


SALTBOX WITH 
FRAMED OVERHANG 


clear view of roof connecting timbers. 


Figure 65-20. A variety of bent designs are available for timber frame buildings. 


Another difference between 
post-and-beam and timber frame 
construction is the means by 
which the timbers are connected 
to one another. Joints in timber 
frame construction are connected 
using a variety of wood joints such 
as mortise and tenon, wood peg, 
and wedge. See Figure 65-21. 

Due to the complex joinery 
involved, timber frame build- 
ings are typically erected by 
highly skilled carpenters who 
are specially trained in timber 
frame construction. Timber frame 
walls are constructed in a hori- 
zontal position at the job site. If 
a builder has the proper facilities, 
the walls can be fabricated in a 
shop and transported by truck 
to the job site. See Figure 65-22. 


Provides great expanses of space and | Produces a very handsome and energy- 
efficient house. 


construction was referred to as 
pole construction since round 
poles were used as posts. 


eo O 


Alex Beatty, Classic Post & Beam 
Concealed connectors in post-and-beam structures may be tightened with a ratchet and 
socket. 
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| Timber Frame Joints 
Figure 65-21 


connector posts, collar ties, struts, and 
similar members. 


DOVETAIL 


Used to connect smaller members such as | Primarily used to lock rafters at roof edge. 
joists and purlins. 


Shoulder provides additional load-bearing 
capacity. 


Used to lock joints together. 


| MORTISE 


Alex Beatty, Clossic Post & Beam 


HARDWOOD PEG 


Figure 65-21. Traditional joinery is used to secure the structural members of a timber frame building. The joints are held in place using 
hardwood pegs that are glued and driven into holes in the members. 


Large-dimension timbers have- — 
an inherent fire resistance. Wood 
burns slowly —approximately 
.024" /min. The char on the wood 
surface as it burns protects and 
„insulates the unburnt wood. — === 
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Dick Pirozzolo, Classic Past & Beam 


Figure 65-22. Timber frame walls can be constructed in a shop and transported to the 
job site by truck. 


Modern post-frame structures 
use square pressure-treated posts 
as their primary support. The 
square post faces provide the 
bearing surface for other support 
members. The pressure-treated 
posts are typically embedded in 
concrete, although they may be 


buried in the ground or anchored 
to a concrete foundation. See Fig- 
ure 65-23. Other framing mem- 
bers include roof purlins and 
wall girts, which support roof 
and wall coverings. The most 
common roof and wall covering 
for post-frame buildings is corru- 
gated steel, which is commonly 
prepainted. Other wall coverings 
include exterior plywood and 
wood siding. Shingles and wood 
sheathing are also common on 
post-frame buildings. 


Constructing Post-Frame 
Buildings 

Post-frame buildings are com- 
monly erected by specialized 
field crews employed by the 
post-frame building manufac- 
turer. A common post-frame con- 
struction method is as follows: 


1. Using an earth auger, bore 
holes for the posts. Holes 
should be a minimum of 


48" deep, and must ex GALVANIZED 
E st extend STEEL SIDING 


below the frost line. 

2. Deposit concrete in the 
holes to a depth of approxi- 
mately 6" and allow it to set 
sufficiently. 

3. Place the pressure-treated 
poles in the holes, resting 
on top of the 6" concrete 
pad. Plumb and brace the 
post and deposit concrete 
around the post until the 
hole is filled to the top. 

4. If required, erect slab forms 
so that concrete can be 
placed for a floor slab. 
(For some projects, a floor 
slab is not required.) The 
concrete slab may also be 
placed at the completion 
of the building. 

5. Construct the basic frame- 
work for the structure 
and install roof and wall 
coverings. 


Post-Frame Framework. Hori- 
zontal girts, spaced 48" OC, are 
attached to the posts using nails 
or lag screws. Door and window 
openings are framed where re- 


quired. Roof trusses are set in Figure 65-23. Post-frame structures use square pressure-treated posts as their primary 
place using a crane. support. Girts support the wall coverings and tíe the posts together. 
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eavy timber construction 
is similar to post-and- 
beam construction, but 


is applied to larger structures. 


Commercial buildings, factories, 
bridges, warehouses, and sports 
facilities are erected using heavy 


timber construction methods. 


See Figure 66-1. 

Timber construction was com- 
mon in North America from the 
colonial period until the early 
1900s, when there was a sharp 
decline in its use due to more 


productive balloon and platform . 


framing methods. Heavy timber 
construction re-emerged in the 


1980s but was faced with the - 


diminishing availability of old- 
growth trees with the necessary 
Cross sections and density for 
producing large-size timbers. 
Heavy timber construction now 
employs the use of engineered 
wood products such as glued 
laminated (glulam) timbers. 


9I Timber roof trusses can be used on 
“| heavy timber structures provided 

the truss members meet minimum 

size requirements. Select a fastener 
and fastener arrangement that ! 
provides a pleasing appearance 
Jor.trusses exposed to view. ©" 


FIRE AND SEISMIC 
RESISTANCE 


Two important advantages of 
heavy timber construction are 
the fire resistance of the timbers 
and the ability of a heavy tim- 
ber structure to resist seismic 
forces. 

Heavy timbers maintain their 
structural integrity when sub- 
jected to the intense heat of fires 
in temperatures ranging from 
1290°F to 1650°F. Unprotected 
steel beams exposed to a similar 
amount of heat will buckle and 


twist, causing the collapse of 
supporting walls, roof, and floors 
ofa building. Large timbers burn 
slowly, at approximately .024” 
per minute. The char formed on 
the wood surface as the timber 
burns helps to protect the wood 
below the charred surface. The 
unburned portion of a thick 
timber will retain 85% to 90% 
of its strength and continue to 
support its assigned loads. 
Heavy timber structures have 
more seismic and wind resis- 
tance than most other wood- 
frame structures. Due to its 


APA—The Engineered Wood Association 


Glulam timbers are stronger than comparable sizes of solid dimension lumber. 
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APA—The Engineered Wood Associotion 


APA—The Engineered Wood Associotion 


Figure 66-1. Large structures are frequently erected with heavy timber frames. 
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, y A: VA 
T Engineering design codes in North 


flexible nature, a timber frame- 
work can absorb some move- 
ment without any breakage and 
distribute the stress over an 
entire structure. 


| America provide design criteria 
for metallic connections used in 
heavy timber construction but do 
not provide specifications for joint 
connections. Joint connection per- 
formance is directly affected by 
- workmanship. 


BUILDING WITH GLULAM 
TIMBER 


One of the most important fac- 
tors in revitalizing heavy timber 
construction has been the de- 
velopment of glulam timbers. 
Glulam timbers are stronger 
than solid dimension lumber of 
equal size and can span greater 
distances without intermediate 
supports. Glulam offers the ad- 
vantage and flexibility of creat- 
inga variety of shapes that retain 
their structural values. 


Glulam Timber Design 


Glulam is manufactured from 
wood laminations (lams) that 
are bonded together with 
adhesive. Smaller trees har- 
vested from second- and third- 
growth forests are commonly 
used for the lams. Douglas fir, 
larch, and southern yellow 
pine are most commonly used 
to manufacture glulam timbers, 
although other lumber species 
are also acceptable. 

Unlike plywood panels, in 
which each veneer is placed at 
a 90? angle to the adjoining lay- 
ers, the grain of each lam runs 
parallel and in the same direc- 
tion as the length of the glulam 
timber. Common thicknesses 


of individual lams are 194" 
and 11%”, with widths ranging 
from 212" to 10". Wider glulam 
timbers can be special ordered. 
End and edge jointing makes it 
possible to produce longer and 
wider timbers than sizes nor- 
mally available in solid lumber. 
See Figure 66-2. 


END 
JOINTING 


EDGE 
JOINTING 


Figure 66-2. End and edge jointing of 
lams makes it possible to produce longer 
and wider timbers than sizes available in 
solid lumber. Note the grain orientation 
of the lams. 


Glulam timbers are designed 
for different load stresses. Stress- 
es placed upon a glulam beam 
vary depending on the clear 
span and the load the beam 
must support. The maximum 
load stresses occur at the top and 
bottom of a beam; therefore, the 
strongest lams are placed at the 
top and bottom of a beam. 

The species and grade of an 
individual lam determine its 
strength. To make efficient use 
of the lumber, high-grade lams 
are placed in areas of the beam 
subjected to greater stresses, and 
lower grade lams are placed in 
lower stress zones. For maxi- 
mum strength, glulam beams are 
usually placed with the width of 
the lams facing the applied load 
(horizontally laminated mem- 
bers). A table comparing solid 
wood and glulam dimensions 
for heavy timber components is 
shown in Figure 66-3. 


MINIMUM DIMENSIONS OF STRUCTURAL COMPONENTS 
IN HEAVY TIMB 


Roofs only Columns 


Arches supported on 
top of walls or 
abutments 


Beams, girders, and 
trusses 


Arches supported at 
or near floor line 


Floors or floors Columns `. 


and roofs 


* in in. 


Beams, girders, .... 
trusses, and arches 
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Figure 66-3. A smaller glulam timber is equal in strength to a larger solid wood timber. 


Fiber-Reinforced Glulam 
Timbers 


Fiber-reinforced glulam tim- 
bers are a recent development 
in glulam technology that pro- 
vides a significant increase in 
strength of glulam members. 
Thin sheets of high-strength, 
resin-encased fibers, less than 
io” thick, are placed between 
the lams. Although fiber- 
reinforced glulam timbers may 
be used for all heavy timber 
operations, the timbers are pri- 
marily used where the weight 
of the timber (dead load) is a 


concern, such as in bridge and 
dome construction. 


Deflection and Camber 


Deflection is the movement of a 
structural component resulting 
from stress produced by a heavy 
applied load. Deflection is mea- 
sured at a midpoint between the 
supports at the ends of a beam or 
at the end ofa cantilevered beam. 
See Figure 66-4. Deflection is an 
important consideration in beam 
design as too much deflection 
will cause a beam to sag and 
weaken the beam, as well as af- 
fect its appearance. 


LOAD CAUSES 
DEFLECTION AT 
CENTER OF SPAN 


DEFLECTION 


LOAD CAUSES | 
DEFLECTION AT END OF | 
CANTILEVERED JOIST 


DEFLECTION 


Figure 66-4. Deflection is the movement of a structural component resulting from stress 
produced by a heavy applied load. 
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Heavy timber trusses allow great distances to be spanned without intermediate sup- 


ports. 


To prevent beam deflection 
resulting from an applied load, 
an engineer must calculate the 
proper amount of camber in a 
beam design. Camber is the slight 
upward curve in a structural 
member. See Figure 66-5. Solid 
wood structural members, such 
as joists, have a natural crown 
that must be placed upward 
when installed. Glulam timbers 
can be produced with the exact 
required camber to compensate 
for deflection of the member 
under a load. Glulam manufac- 
turers generally recommend that 
glulam roof beams be cambered 
for 1¥2 times the deflection 
caused by the dead load to en- 
sure the beam will not sag after 
many years of supporting loads. 
Some conditions may require 
more or less camber. 


BEAM DEFLECTS 
WHEN LOAD IS 
APPLIED 


SPAN 


The total load-carrying capac- 
ity ofa solid or glulam member is 
based on the weight of the beam, 
plus the live and dead loads in 
pounds per square foot (PSF). 
Figure 66-6 provides a table for 
determining glulam floor, roof 
beam, and purlin sizes. 


Balanced and Unbalanced 
Beams. The most critical area 
of a glulam beam in control- 
ling strength of the beam is the 
outermost tension zone. Glulam 
timbers are manufactured as un- 
balanced or balanced members. 
In unbalanced beams, the lams 
used on the tension side of the 
beam are of a higher grade than 
the lams used on the compres- 
sion side. See Figure 66-7. This 
lam arrangement allows a more 
efficient use of lumber resources 


CAMBERED BEAM 


Figure 66-5. Camber is the slight upward curve in a structural member and is designed 
to compensate for deflection of the member under a load. 
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while maintaining the strength 
of the beam. Since unbalanced 
beams have different bending 
stresses assigned to the tension 
and compression zones, the 
beams must be installed accord- 
ingly. The top of an unbalanced 
beam is clearly stamped with 
the word “TOP.” Unbalanced 
beams are usually used for 
simple span applications. 

Balanced beams are symmetri- 
cal in lumber quality. Balanced 
beams are primarily used for 
cantilevered or continuous span 
applications where either the top 
or bottom of the member may 
be stressed in tension. Balanced 
beams may also be used for sim- 
ple span applications, although 
unbalanced beams are best suited 
for these applications. 


Glulam Trademark 


A trademark is applied to one or 
more surfaces of a glulam timber. 
An example of an APA trademark 
is shown in Figure 66-8. Descrip- 
tions of the trademark elements 
are as follows: 

e Structural use. Glulam tim- 
bers are used for a variety 
of structural applications, 
which are indicated with a 
letter. “B” indicates a simple 
span bending member, *C* 
indicates a compression 
member, “T” indicates a 
tension member, and *CB" 
indicates a continuous or 
cantilevered span bending 
member. 

Glulam appearance classifi- 
cation. Glulam appearance 
classifications (grades) are 
Framing, Industrial, Archi- 
tectural, and Premium. 

Mill number. Identifies the 
mill where the glulam mem- 
ber was manufactured. Each 
mill where glulam members 
are manufactured is assigned 
its own mill number. 
Applicable laminating speci- 
fication. Refers to the Ameri- 
can Plywood Association 


Engineered Wood System (APA 
EWS) specification EWS Y117, 
Glulam Design Properties and 
Layup Combinations. 

Wood species. Western 
wood (WW) species are 
indicated. 

Applicable ANSI standard. 
The American National 
Standards Institute (ANSI) 
publication ANSI A190.1- 
1992, Structural Glued Lam- 
inated Timber, is the ANSI 
standard for glulam beams. 
Structural grade designa- 
tion. The APA EWS 24F-1.8E 
designation is a glulam grade 
commonly used in residen- 
tial applications. 
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Figure 66-7. In unbalanced beams, tension 
lams are of a higher grade than compres- 
sion lams. 
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Figure 66-8. Trademarks identifying glulam 
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Figure 66-6. The total load-carrying capacity of a glulam member is based on the weight of the beam and the live and dead loads. For 
example, a 3%”x 1612” beam is required to support a 50 PSF rated roof with a 20’ span and with the beams spaced 12’ OC. 
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STEEL CONNECTORS 


Concealed connectors are avail- 
able for tying together structural 
components. Concealed connec- 
tors are corrosion-resistant steel 
plates that fit into machined slots 
in the timbers and are secured 
with small-diameter pins. See 
Figure 66-9. Steel connectors are 
the primary means for tying to- 
gether the structural components 
of heavy timber construction. A 
variety of steel connectors are 
available and each type is de- 
signed for a specific use. Most 
steel connectors are bolted to 
the surface of the timbers. See 
Figure 66-10. 


Pocopson Industries, Inc. 
Figure 66-9. Corrosion-resistant steel 
plates fit into machined slots in the 
timbers. Small-diameter steel pins are 
inserted into predrilled holes and through 
the steel plates. 


Expansion and Contraction 


Wood expands and contracts due 
to changes in its moisture content. 
The expansion and contraction 
primarily occur across the wood 
grain. The movement caused by 
expansion and contraction not 
only weakens a connection, but 
may also cause splits running 
along the grain where connector 
hardware is installed in the wood 
members. See Figure 66-11. 
Moisture penetration is also a 
concern at timber connections. 
Moisture accumulation can re- 
sult in wood decay, especially in 
untreated wood. Steel connectors 
subjected to water penetration are 
designed with weep holes (drain 
holes) that allow moisture to 
drain from the connectors. 
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Steel Connectors 


GLULAM BEAM. 
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Figure 66-10. Steel connectors are the primary means for tying together heavy timber 
components. 


Figure 66-11. Movement caused by ex- 
pansion and contraction can cause splits 
along the grain at the fastening points of 
wood members. 


Timber Connections to Concrete 
and Masonry. Buildings may be 
designed with an internal timber 
framework and exterior concrete 
or masonry walls. Pockets are 
provided in the walls to support 
the ends of the timbers. A 1⁄2” gap 
is allowed between the bearing 
ends ofthe timber and concrete or 
masonry wall because of possible 
water accumulation in the pock- 
et. In addition, steel connectors 
should have drain holes. Ends 
of timbers placed in concrete or 
masonry walls must be cut at an 
angle (fire cut) to allow the beam 
to collapse without damaging 
the wall if the timbers burn 
through due to a prolonged fire. 
See Figure 66-12. 


Glumm beams support a plank roof for this building. Note that the bottoms of the posts 
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Figure 66-12. The ends of timbers placed in masonry wall pockets should be cut at an 
angle (fire cut) to prevent damage to the wall in case of timber collapse from a prolonged 


fire. 


HEAVY TIMBER 
CONSTRUCTION 


In glulam timber construction, 
beams and purlins are used for the 
main structural support. Beams 
support the ends of the purlins. 
The sequence of glulam or 
solid timber construction is 
similar to post-and-beam con- 
struction described in Unit 65. 
Posts are plumbed and braced as 
they are being set in place. The 
beams are then positioned and 


i 
Ld 


are elevated from the concrete using post anchors. 


steel connectors are attached. On 
residential and light construction 
projects, the timbers are raised into 
place with a forklift or material 
lift. Large construction projects 
may require a crane to raise the 
timbers. Walls are then enclosed 
with panel sheathing or structural 
insulated panels (SIPs). 


Roof Construction 


Various roofing materials and 
methods are used for heavy tim- 
ber buildings. Roof frames may 
be covered with tongue-and- 
groove (T&G) planks or plywood. 
Rooffinish is commonly built-up 
roofing except for truss roofs, 
which are often covered with 
metal or one ofthe various mate- 
rials used on pitched roofs. 


Tongue-and-Groove Planks. T&G 
planks are a traditional method of 
covering roof frames and are still 
popular today. Planks have an at- 
tractive appearance when viewed 
from the interior of a building. 

Tongue-and-groove planks 
are available in solid wood and 
glulam designs in a variety of 
thicknesses and widths. See 
Figure 66-13. 
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Figure 66-13. Glulam and solid wood roof planks are available in different thicknesses 
and widths. 
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Figure 66-14. Timbers in a heavy timber roof are spaced 48” OC. No additional framing 
is required between the timbers. 
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Heavy Timber Roofs. Heavy 
solid or glulam timbers, spaced 
48” OC, are used without addi- 
tional framing and are covered 
with plywood or planks. See 
Figure 66-14. 


Preframed Panelized Roofs. 
With preframed panelized roofs, 
2 x 4 or 2 x 6 stiffeners (subpur- 
lins) are nailed to the plywood 
panels before they are installed 
over the purlins. See Figure 66- 
15. The stiffeners are spaced 16” 
or 24” OC and are fastened to the 
purlins with metal joist hangers. 
Preframed panelized roof systems 
provide additional support for 
the panels and make it possible to 
space purlins as far apart as 8’ OC. 
The most common glulam purlin 
width used with preframed pan- 
elized systems is 24%”, although 
other widths are available. 


Timber Roof Trusses 


Timber roof trusses may be fabri- 
cated from solid timbers, parallel 
strand lumber (PSL), or glulam. 
Glulam members provide supe- 
rior strength and appearance. 
Timber roof trusses are similar to 
lighter trusses used in residential 
construction. 

Heavy timber roof trusses al- 
low great distances to be spanned 
without intermediate support 
and are available in a variety of 
designs. Timber roof trusses can 
be used with timber frame struc- 
tures, wood-frame buildings, 
and buildings with concrete or 
masonry exterior walls. 


Truss Fabrication. The main 
components of timber trusses 
are the top and bottom chords 
and the webs. The compo- 
nents are fastened together with 
mechanical devices designed 
to overcome the stresses and 
weight exerted on and by the 
heavy timbers. When placed 
over the supporting walls, indi- 
vidual timber trusses are tied to- 
gether with horizontal purlins. 
See Figure 66-16. 
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Figure 66-15, In a preframed panelized roof system, stiffeners are attached to the panels 
before being placed over the purlins. 


Pocopson Industries, Inc. 


Figure 66-16. Heavy timber trusses are frequently combined with a heavy timber framework, 


In addition to metal plate con- 
nectors, split-ring and shear plate 
connectors are also used. See 
Figure 66-17. Split-ring connec- 
tors are installed in grooves that 
have been cut into the surfaces 
of truss members being joined 
using a special grooving tool. The 
grooves must be the same size as 
the split-ring connectors. A bolt 
passes through the timbers and 
split-ring connectors. As the nut 
on the bolt is tightened, the split 
in the ring allows the ring to be 
simultaneously tightened against 
both sides of the groove. 

Shear plates are primarily 
used to fasten wood and steel 
members together. The shear 
plate is placed into a cutout 
in the wood member so it is 
flush with the surface of the 
truss member. A bolt passes 
through the wood and steel 
members and the shear plate. 
When tightened, the shear plate 
prevents any movement at the 
connection. 


Large timbers are impractical 

“4 for kiln drying since stresses 
would result from differences in 
moisture content between the 
interior and exterior of the timber. 
Timbers are usually dressed green 
with a moisture content above 
19%. 

Timber begins to shrink when 
its moisture content falls below 
about 28%. The amount of 
shrinkage depends on the climatic 
conditions, especially humidity. 
Timbers exposed to the outdoors 
shrink from 1.8% to 2.6% in width 
and thickness. Timbers used 
indoors shrink from 2.4% to 3.0% 
in width and thickness. Timber 
length is changed insignificantly 
in either case. 


Timber Domes 

A dome is a curved roof struc- 
ture which is similar in appear- 
ance to one-half of a sphere. 
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Domes are designed to cover 
and span medium to large 
areas without intermediate sup- 
ports. Historically, domes have 
served as major roof structures 
over churches, temples, and 
mosques. National and many 
state capitols have domes con- 
structed over high vertical 
walls. Modern dome applica- 
tions range from residential 
structures to commercial and 
public structures such as gymna- 
siums, stadiums, pools, ice rinks, 
and assembly halls. In many : : 
cases, domes are not just a roof, one ee ee ON Pa EB" a aa 
but are the entire structure. See (^ p-m- 

Figure 66-18. The base of the ee i 
dome may rest on low walls or 


footings at ground level. Figure 66-18. Domes are designed to cover wide span areas. 
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Figure 66-17. Heavy timber trusses require the addition of special fastening devices such as split-ring connectors and shear plates. 
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Glulam timbers are common- 
ly used for dome construction, 
hence the term timber domes. 
Timber domes are constructed 
using a grid system of beams and 
purlins tied together with steel 
connecting devices and hubs. See 
Figure 66-19. One construction 
method is to fabricate triangular 
glulam units on the ground. The 
units are then lifted into place by 
crane and connected to steel hubs. 

The domes are frequently 
sheathed with 2” thick tongue- 
and-groove planks, although panel 
systems may also be used. See 
Figure 66-20. Climate control is 
achieved by installing vinyl-faced 
fiberglass insulation blankets to 
the interior surface of the decking. 
The fiberglass also enhances the 
acoustics and light reflection. 


Quick Quiz® 


Refer to the Interactive CD-ROM for the Quick Quiz® questions related to section content. 


Western Wood Structures, Inc. 


Figure 66-19. The framework for a dome 


creates a grid system of beams and pur- WestesggiVgesh'atemesr tit 
lins tied together with steel connectors Figure 66-20. Dome roofs are frequently 
and hubs. covered with 2" plank sheathing. 
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Heavy Concrete Construction 


UNIT 67 Foundation Design for Heavy Gonstruction s.0/34 
UNIT 68 Heavy Concrete Construction Formwork... 7 39 
UNIT 69 Concrete Placement for Heavy Construction ;.. /60 
UNIT 70 Precast Concrete Systems ... 772 | 


he major considerations in ` 
designing a foundation for 
a large concrete building 
are the size and weight of the 
building and the soil conditions 
on the job site. Some soil types 
can support smaller and lighter 
concrete buildings with little 
excavation. Larger and heavier 
buildings on the same soil type 
may require deep excavations 
before forms for foundation 
walls and footings can be con- 
structed. See Figure 67-1. 
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Many tall concrete structures 
are designed with deep base- 
ments and heavy column loads. 
However, because of general 
soil conditions and the close 
proximity of existing buildings 
surrounding the new building, it 
may not be possible to excavate 
the entire site area to the depth 
required to reach load-bearing 
soil. Under these conditions, 
piles are often used to provide 
support for the foundation. 


© Case Foundation 


Figure 67-1. Excavations for heavy construction foundations may require tiebacks and 
bracing to provide lateral support for exposed walls of adjacent buildings, 
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Piles are long structural mem- 
bers that penetrate deep into 
the soil. Piles are placed be- 
neath grade beams that support 
load-bearing walls. See Figure 
67-2. Piles may also be grouped 
and joined together with a con- 
crete pile cap. See Figure 67-3. 
Grouped piles with a concrete 
cap are necessary when columns 
provide the main structural sup- 
port for the building above and 
when the column load exceeds 
the capacity of an individual 
pile. 


Figure 67-2. Piles are column-like struc- 
tural members that carry building loads 
through non-load-bearing soil to lower 
levels of bearing soil. Piles receive their 
loads from columns or grade beams. 
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Figure 67-3. Concrete piles may be 
grouped under a concrete cap when loads 
exceed the capacity of an individual pile. 
A load-bearing column rests on top of 
the cap. 


Piles are placed into the ground 
with a pile-driving rig. The rig 
has a drop, mechanical, or vibra- 
tory hammer that directly drives 
a complete pile or pile casing 
into the ground. Pile-driving rigs 
are powered by compressed air, 
steam, diesel pistons, or hydrau- 
lic fluid under pressure. Mobile 
cranes with special attachments 
can also be used to drive piles. 


Pile Types 


The three main types of piles are 
bearing, friction, and sheet piles. 
Piles are made of wood, steel, or 
concrete. Composite piles have 
a wood lower section and a con- 
crete upper section. 


"extractor" is used to e 


eT piles from the 
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Bearing Piles. Bearing piles are 
the most common type of pile 
used for heavy construction. 
Bearing piles must penetrate 
completely through unstable 
soil layers to the firm, load-bear- 
ing soil below. 


Friction Piles. Friction piles do 
not need to penetrate to load- 
bearing soil. Rather, friction 
piles only need to reach a point 
where soil resistance is suffi- 
cient to support a portion of the 
load. A major share of the load 
is supported by the surrounding 
soil pressing against the pile. A 
comparison between bearing 
and friction piles is shown in 
Figure 67-4. 


Sheet Piles. Sheet piles are not 
intended to carry vertical loads; 
their primary purpose is to re- 
sist horizontal pressure. They 
are often used to restrain earth 
around the perimeters of deep 
excavations. 


Wood Piles. Wood piles were 
used by the Romans over 2000 
years ago and are still used to- 
day. Douglas fir, southern pine, 
red pine, western hemlock, and 
larch are commonly used for 
wood piles. Wood piles are pres- 
sure-treated for protection against 
decay and deterioration. 

Wood piles are light, relatively 
inexpensive, and available in 
many areas. Wood piles have an 
indefinite life expectancy under 
water, so they are particularly 
suitable for wharves, docks, and 
other structures built over water, 
but are not often used for build- 
ings constructed on dry land. 


Concrete Piles. Concrete piles 
may be precast or cast-in-place. 
Precast piles are usually fabri- 
cated in a factory and are deliv- 
ered to a job site, where they are 


driven into the ground with a 
pile-driving rig. Precast concrete 
piles must be properly protected 
while being driven to prevent 
damage to the pile. See Figure 
67-5. A driving head is a steel 
device placed on the head of a 
pile to receive the blows from the 
pile-driving rig and protect the 
pile while it is being driven. A 
pile shoe is attached to a pile tip 
to prevent the pile from breaking 
while it is being driven. Some 
precast concrete pile shapes are 
shown in Figure 67-6. 


Bearing vs. Friction 
Piles 
Figure 67-4 
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Figure 67-4. Bearing piles transmit their 
loads directly to firm, load-bearing soil. 
Friction piles rely largely on pressure and 
friction from surrounding soil to help sup- 
port the load. 
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Figure 67-5 
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Figure 67-5. Precast concrete piles are usually prefabricated in a factory. The driving 
head and pile shoe protect the pile against damage when driving the pile. 
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Figure 67-6 
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Figure 67-6. Precast concrete piles are avail- 
able in several cross-sectional shapes. 


before concrete is placed. 
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Precast Concrete Pile Parts. — 
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COMPRESSED 
BASE 


— 
concrete r 
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Cast-in-place concrete piles are 
shell or shell-less piles. The shell 
type of pile is made by first driv- 
ing a steel shell called a casing 
into the ground. Casings range 
from 20" to 5' diameter or larger. 
As the casing is driven into the 
ground, soil is removed within 
the casing with an auger or other 
special mechanism. Concrete is 
then placed in the casing, which 
acts as a form and prevents mud 
and water from mixing with the 
concrete. After the concrete hard- 
ens, the casing is left in place. 
Examples of shell concrete piles 
are shown in Figure 67-7. 

For shell-less piles, the casing 
is withdrawn and the hole is 
filled with concrete. The casing 
can be completely withdrawn 
before the concrete is placed or 
the concrete can be placed as the 
casing is gradually being with- 
drawn. In either case, shell-less 
piles can be used only with 
firm, cohesive soil. 


STEP-TAPERED 
PILE 


Thin steel plain or 
corrugated casing rests on 
top of compressed base. 


Steel sections placed in 
ground as hole is being 
bored. 


Figure 67-7. Cast-in-place concrete piles require that a casing be driven into the ground 


Steel Piles. Steel piles may 
be H-shaped or tubular. H- 
shaped piles are used with 
wood lagging to restrain the 
earth around deep excavations. 
Tubular piles, also referred to as 
pipe piles, are normally filled 
with concrete after they have 
been driven. See Figure 67-8. 
When driven into the ground, 
the lower ends of tubular piles 
are closed off with a steel boot 
to prevent earth from filling the 
pile. Tubular piles may also 
be placed in prepared holes 
drilled by an earth auger. 


Pala 


The Deep Foundations Institute is 

a technical association of 
companies and professionals 
involved in the deep foundations 
sector of the construction industry. 
The institute serves as a primary 
means through which members 
may participate in improving the 
planning, design, and construction 
aspects of deep foundations and 
deep excavations. The institute 
develops and publishes various 
publications related to deep 
foundations and deep excavations, 
including inspector's manuals, 
technical guides, and references. 


CAISSONS 


In certain areas of the country, 
good load-bearing soil may not 
be reached with piles. Under 
these conditions, caissons are 
used. A caisson is a cylindri- 
cal or rectangular casing that is 
placed in the ground and filled 
with concrete. Caissons can 
extend deeper than piles and 
be constructed to much wider 
diameters than piles. 


Bored Caissons 


Bored caissons are commonly 
made by cranes fitted with earth 
auger attachments. The casing, 
which is usually a steel cylin- 
der, is then placed in the hole. 


Modern drilling equipment 
and methods make it possible 
to bore holes 10’ in diameter to 
a depth of over 150’. The casing 


for caissons extending to greater 
depths is made up of sections 
that are added as the drilling 
proceeds. See Figure 67-9. 


© Case Foundation 


Figure 67-8. Tubular piles are driven into the ground and the soil contents are removed 
with a long auger. The piles are then filled with concrete. 


Figure 67-9. Bored caissons are formed by an earth auger mounted on a crane drilling 
into the ground. Sections of casing are added as the drilling proceeds. 
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Belled Caissons 


Belled caissons provide greater 
load-bearing area at the bot- 
tom of the caisson. See Figure 
67-10. After the caisson hole 
has been drilled to the desired 
depth, a belling tool is attached 
to the drilling head. The belling 
tool is lowered into the caisson 
in the closed position. At the 
proper depth, the belling tool 
is expanded to remove the bell- 
shaped portion of the caisson. 
See Figure 67-11. 


CAST-IN-PLACE 
CONCRETE 


Figure 67-10. A belled caissan has greater 
laad-bearing area at its bottom. 
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Figure 67-11. A belling tool is expanded 
to create the bell-shaped partian af a 
belled caissan. 


SPREAD FOUNDATIONS 


If building loads and soil condi- 
tions do not require a system 
of piles or caissons, a spread 
foundation is usually adequate 
to support concrete buildings. 
A. spread foundation generally 
consists of a foundation wall 
resting on a wider base (foot- 
ing). A spread foundation for 
heavy construction is similar to 
an inverted T-shaped foundation 
used for residential and other 
light construction foundations. 
The main difference between a 
spread foundation and inverted 
T-shaped foundation is the foot- 
ing size. Footings are wider and 


thicker for heavy construction 
than for light construction. See 
Figure 67-12. 


Matt Foundations 


Matt foundations are used in 
soils of low load-bearing strength. 
A matt foundation is a type of 
spread foundation that consists of 
a solid slab of heavily reinforced 
concrete placed beneath the en- 
tire building area. In some cases, 
the slab may be 3' to 8' thick. 


SPREAD 


FOOTING LOAD- 


BEARING 
FOUNDATION 
WALL 


FOOTING 
DISTRIBUTES 
DOWNWARD 
BUILDING LOAD 


Figure 67-12. In a spread faundatian, the 
foating below the foundatian wall distrib- 
utes the building laad aver a wider area. 


TONS 


avy Concrete 
|'Construction 


he basic structural parts of 
a concrete building are the 
walls, floors, beams, and 
columns. Forms are constructed 
to the shapes of the structural 
parts and concrete is then placed 


in the forms. The forms are: 
removed after the concrete has | 


properly set and hardened. 


Forms must be rigid enough to 
resist bulging, twisting, or mov- 
ing during concrete placement. 
In addition, forms must be tightly 
constructed to prevent concrete 
from leaking through the joints. 
Leaks will cause ridges on the 
surface of the hardened concrete. 
All debris such as wood scraps, 
sawdust, and nails should be 
removed from the inside of 
forms before concrete is placed. 
Cleanout holes are cut at the bot- 
toms of forms during formwork 
construction. Compressed air is 
used to blow out debris from the 
forms. The clean-out holes are 
then blocked off. 

Forms must also be de- 
signed for easy removal with- 
out damaging the concrete 
after the concrete has hard- 
ened. Wood is commonly used 
for building forms. Patented 
forming systems, consisting 
of metal frames combined 
with wood panels, are also 


[Formwork 


frequently used. Steel, alumi- 
num, and plastic panels are 
also available. 


PLYWOOD FORMS 


Most wood forms today are con- 
structed of plywood backed by 
various combinations of studs, 
walers, strongbacks, and some 
type of bracing. Plywood and 
composite panels provide a large, 
smooth surface that can with- 
stand rough treatment without 
splitting. Another advantage 
of plywood is its ability to 
bend when curved surfaces are 


required in the form design. See 
Figure 68-1. Textured plywood 
can also be used for a textured 
finish on the concrete. 

Most exterior grades of plywood 
can be used for form construction. 
However, Plyform®, medium- 
density overlay (MDO) plywood, 
and high-density overlay (HDO) 
plywood are manufactured 
specifically for concrete forms. 
HDO plywood is used where the 
smoothest possible finish is re- 
quired. Plyform, MDO, and HDO 
plywood panels can be reused 
many times if properly cared for 
and maintained. 


Gates & Sons, Inc. 


Figure 68-1. An advantage of plywood in form construction is that it can be bent when 


a curved surface is required. 
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Formwork Panel 
Maintenance 


Formwork panels must be prop- 
erly stored and maintained to 
ensure long life in the field. 
When stored for an extended pe- 
riod of time, the panels should 
be placed flat and level. Panel 
faces should not be exposed to 
direct sunlight for prolonged pe- 
riods oftime. The panels should 
be covered so that moisture can- 
not accumulate on the panels. 
A form-release agent should 
be applied to formwork panels 
to make it easier to strip the 
panels from the hardened con- 
crete. Form-release agents are 
available in a variety of forms, 
including pastes and spray-on 
agents. Water-soluble emulsions 
and environmentally friendly, 
biodegradable solutions are 
recommended. Environmen- 
tally friendly release agents are 


M Form-release agents must not 


we 


water-soluble and do not con- 
tain petroleum or other volatile 
organic compounds (VOCs). 
Form-release agents can be ap- 
plied to a variety of formwork 
materials including wood, fiber- 
glass, steel, and aluminum. 

After the formwork panels 
have been stripped and cleaned 
of any sediment that has ad- 
hered to the panels, a form- 
release agent should be applied. 
Spraying is the most common 
means of applying form-release 
agents. See Figure 68-2. How- 
ever, manufacturers may recom- 
mend that their form-release 
agents be applied using a mop 
or a cloth. 


come in contact with rebar. | 


l —— —1 


= 


Symons Corp, 


Figure 68-2. A release agent is sprayed on panels to be used for concrete forms to 
facilitate form removal. Follow manufacturer instructions for the safe use and applica- 


tion of form-release agents. 
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FOUNDATION AND 
BASEMENT FORMS 


The procedure for laying out and 
constructing footing forms for 
large concrete buildings is simi- 
lar to residential and other light 
construction work. The major 
difference is the greater width 
and depth required for footings 
for large concrete buildings. 

In constructing basement wall 
forms, the first step is to place all 
the outside panel sections. See 
Figure 68-3. If possible, holes for 
snap ties should be drilled in the 
panels before they are erected. 


Figure 68-3. Outside form walls are 
erected and rebar is placed prior to con- 
structing inside form walls. 


After all wall panels have 
been positioned and the walers 
and strongbacks (if required) 
have been attached, the wall is 
aligned and braced. Braces are 
usually placed 6’ to 8’ apart. 
Braces may be nailed to the 
wall and to wood stakes driven 
into the ground, or patented 
braces may be used. One type 
of patented wood brace features 
a turnbuckle that is welded to 
an anchor bracket, which is fas- 
tened to the ground with steel 
stakes. See Figure 68-4. A brace 
plate is used to fasten the brace 
to a waler or metal strongback 
on the wall. Another type of 
brace is made completely of 
steel. See Figure 68-5. 


Brace Turnbuckles | 
Figure 68-4 
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ral 
L] n 
Figure 68-4. Wood braces are equipped with turnbuckles at their lower ends to allow 
wall panels to be aligned. Turnbuckles are fastened to the ground with steel stakes. A 
brace plate is used to attach a brace to a waler or stiffback. 
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Figure 68-6. Metal window frames are 
secured to outside form walls as the walls 
are erected. The frames remain in place 
after the form walls are removed. 


Figure 68-5. All-steel wall braces may 
be used to support wall forms. Braces 
should be properly positioned to provide 
adequate support. 


MEC 
SAY 


Steel rebar assemblies may be formed on the ground by tying the individual rebar together 
with wire ties. The assemblies are raised into position with a crane and positioned in 
the wall forms. 


Doors and Windows 


After the outside wall form panels 
for the basement walls are set, 
provisions are made for door and 
window openings. Steel or alumi- 
num window and door frames are 
commonly attached to the wall 
form panels. Brackets extending 
from the frames will be embed- 
ded in the concrete to secure the 
frame in position when the forms 
are stripped. See Figure 68-6. 

A traditional method for pro- 
viding for door and window 
openings is to set wood window 
and door bucks as shown in 
Figure 68-7. A rectangular 
opening at the bottom allows 
observation of the flow and 
consolidation of concrete be- 
neath the buck. When concrete 
reaches the bottom of the buck, 
the piece that has been cut out is 
replaced and cleated down. The 
entire buck is removed when 
the forms are stripped from the 
hardened concrete walls. The 
wedge-shaped key strip remains 
in the concrete and serves as a 
nailing strip for the finish wood 
window frame. 


Reinforcing Steel 


Reinforcing steel bars (rebar) 
are placed by reinforcing- 
steel workers after the outside 
wall forms are set but before 
the inside wall forms are 
erected. See Figure 68-8. With 
some forming systems, rebar is 
placed first and the forms are 
built around the rebar. 


Construction Joints 


Concrete for tall buildings is 
placed one story at a time; there- 
fore, a horizontal construction 
joint occurs at each floor level. 
The wall sections are structur- 
ally tied together by continu- 
ous rebar. 

It may be necessary to place 
concrete for long walls in sec- 
tions, creating vertical construc- 
tion joints. When constructing 
long walls, carpenters must place 
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a bulkhead inside or at the end 
of the form. See Figure 68-9. 
Depending on the wall thick- 
ness, bulkheads are made of 
1 x 8s or 2 x 4s, which are notched 


Constructing Rough Wind 


Figure 68-7 
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POCKET 


around the rebar. In some situa- 
tions, the bulkhead members 
are placed along the sides of the 
rebar and the spaces between the 
members are filled. 


WIDTH OF OUTSIDE BOARD 
MATCHES THICKNESS OF 


WEDGE-SHAPED KEY STRIP 
REMAINS IN WALL AND 
SERVES AS NAILING STRIP 


Figure 68-7. Door and window bucks use similar construction techniques. Door bucks 
do not require a bottom piece with an inspection pocket. 


VER Tw El 
Figure 68-8. Rebar is placed after the 
outside form walls are set and before the 


inside form walls are erected. 
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Figure 68-9. Bulkheads may be required 
in long walls. Bulkheads are inade of 
1X 8s or 2x 4s which are notched around 
the rebar. 


—— " 
pda ula ad 


. Bulkheads must be able to withstand 
* a large amount of pressure as ` 
concrete is being placed. — TSE 


Utility Installation 


Provision for utilities, such as 
water pipes, electrical conduit, 
outlet boxes, and sleeves for 
holes in the wall, must be placed 
after the outside form wall pan- 
els are set. Carpenters coordinate 
with other tradesworkers to en- 
sure the utilities are placed in 
the proper position. 


Doubling Up Walls 


After the outside form walls are 
set in position, rebar is placed, 
and required door and window 
bucks and utilities are installed, 
carpenters double up the walls 
by setting the inside wall forms 
in position. The bottoms of the 
inside wall panels are placed in 
the proper position and the panel 
is slowly tilted into the verti- 
cal position. Form ties extend- 
ing from the outside form wall 
are inserted through predrilled 
holes in the inside form wall 
panels. Inside form wall wa- 
lers are then attached. Clamps, 
edges, or other devices are placed 
at both ends of the ties, spacing 
and fastening together the oppo- 
site form walls. See Figure 68-10. 
Some types of ties are pushed 
through the panel holes after the 
walls have been doubled up. 


ET 


Figure 68-10. Form walls are doubled up 
after the rebar, door and window frames, 
and utilities have been properly located. 


PATENTED TIES AND 
WALER SYSTEMS 


Form ties combine with walers 
to secure and space the opposing 
form walls. A variety of patented 
form ties are available for different 
forming systems. Form ties are 
generally classified by their load- 
carrying capacity and method of 
use. The load-carrying capacity 
is working load value, which is 
the amount of pressure against 
the individual tie when placing 
concrete in the forms. 


D 


Form Ties 
Media Clip 


Light Form Ties 


Light form ties have safe working 
load values of 3750 lb or less. 
Light form ties are also referred 
to as through ties since they are 
one continuous piece which 
extends through the wall cavity 
and both sides of the formwork. 
Light form ties are manufactured 
from heavy-gauge wire. Examples 
of light form ties are snap, loop, 
and pencil rod ties. 


Snap Ties. Snap ties are com- 
monly used with double- or 
single-waler systems and are 
available for wall thicknesses 
ranging from 6" to 26". The basic 
design of most snap ties allows a 
section of the tie to extend from 
the outside surfaces of opposing 
walers. Snap ties are tightened 
by driving slotted metal wedges 
behind the buttons at the ends of 
the ties. A hole is typically pro- 
vided in the wedge so a duplex 
nail can be driven through the 
hole to prevent the wedge from 
loosening during concrete place- 
ment and vibration. 

Small plastic cones or metal 
washers on snap ties act as spac- 
ers between the walls. A break- 
back consisting of a grooved 
section next to the tapered edge 
of the cone allows the tie to be 


broken off (snapped) after the 
concrete has hardened and the 
forms have been removed. A 
variation of a snap tie design is a 
system that features a nut button 
that enables the tie to be snapped 
by turning the button with a 
socket wrench while the forms 
and wedges are still in place. See 
Figure 68-11. 


Loop and Pencil Rod Ties. Loop 
and pencil rod ties are two other 
types of light form ties. Loop ties 
have a loop at each end. Tapered 
wedges are driven through the 
loops to secure the ties in posi- 
tion. Pencil rod ties are designed 
for use on battered walls and on 
wider walls where snap ties are 
not practical. 


. Figure 68-11 


and snap tie off with socket wrench. 


Snap Tie Systems Used with Double Walers Mt 


SNAP TIES 


With snap tie and wedge system, wedges are forced 
between buttons at ends of tie and double waler, thus 
holding the two form walls together. When forms are 
stripped from walls, ties are snapped off and cones 
removed. Holes left by cones are then patched. 


SNAP TIE WITH NUT BUTTON 


This system makes it possible to break ties while forms and wedges are still in 
place. Buttons at ends of ties are shaped like a hex nut; therefore, workers can twist 


High tensile strength fiberglass 
ties are also used. Tie rods are 
available in long lengths and are 
cut to length with an abrasive 
blade in a circular saw. Fiberglass 
ties are placed in predrilled holes 
after the walls have been doubled 
up. Self-gripping wed-ges placed 
against the form walers tighten 
the ties. 


Medium to Heavy Ties 


Medium to heavy ties are internal 
disconnecting ties and have safe 
working load values exceeding 
3750 Ib. Internal disconnecting 
ties, such as waler rods, coil ties, 
and taper ties are used for heavier 
and thicker walls where greater 
pressure is exerted during concrete 
placement. See Figure 68-12. 


NAIL PREVENTS 
WEDGE FROM 
LOOSENING DURING 
CONCRETE 
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USE SOCKET 
WRENCH TO SNAP 
OFF TIES 


WALERS 


Figure 68-11. Snap ties are used to secure and properly space opposing form walls. 
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Internal Disconnecting Ties 
Figure 68-12 ; 


METAL SPREADER Waler rods have 11⁄4” deep, 12” threaded 
hole in tapered end to accept inner rods. 
Threaded *^" inner rods are available in 
various lengths, making it possible to 
adjust for different wall thicknesses. 
Heavy hex nut washers are tightened 
with a wrench against walers at 
threaded outside ends of waler rods. 
Metal spreaders are often inserted 
between forms to maintain proper 
wall thickness. After concrete has 
hardened, waler rods are unscrewed. 
The 1⁄2” inner rod remains in concrete. 
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WASHERS | Coil tie system consists of tie bolts on 
both sides of form wall that screw into 


helical coil ties welded to ends of two or 


four tie rods. After concrete has hardened, 
tie bolts are unscrewed; coil ties remain 
in concrete. 
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Taper tie system consists of single 
tapered rod that can be easily removed 
after concrete has hardened. 
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Figure 68-12. Internal disconnecting ties are commonly used on heavy walls. 
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Waler Rods. Waler rods consist 
of two external rods or bolts 
that screw into an internally 
threaded device. Waler rods are 
available in graduated lengths 
to accommodate wall thick- 
nesses ranging from 8” to 36”. 
The internally threaded device 
is inserted through holes in the 
wall form after the walls have 
been doubled up. Large hex nut 
washers are tightened against 
the walers to secure the walls. 
Metal spreaders are placed 
between the walls to maintain 
the proper width. The outer sec- 
tions of the tie can be screwed 
out after the concrete has hard- 
ened, and the internal device 
remains in the concrete wall. 


Coil Ties. When using coil ties, 
bolts pass through the double 
walers and screw into a helical 
coil welded to two or four rods. 
After the concrete has hardened, 
the bolts are withdrawn and the 
coils remain inside the wall. 


Taper Ties. Taper ties consist of 
a single tapered rod terminated 
with a hex nut washer on one 
end and a bracket and wing 
nut on the other end. Taper 
ties should be lubricated prior 
to use. Taper ties are inserted 
through predrilled holes in the 
formwork panels, and the hex 
nut washer and wing nut are 
tightened to achieve the desired 
wall thickness. After the con- 
crete has been placed and prop- 
erly hardened, the formwork is 
stripped, leaving just the taper 
ties in place. A hammer is used 
to loosen and remove the ties for 
future use. 


Waler Systems 


Traditional heavy construction 
panel forming methods use ver- 
tical 2 x 4 studs spaced 12" to 
16" OC. See Figure 68-13. The 
studs are reinforced by double 
or single walers and/or strong- 
backs, depending on design 


considerations. Snap ties, waler 
rods, and coil ties are commonly 
used with this system. 


Figure 68-13. Heavy construction panel 
forming methods commonly use 2 x 4 studs, 
which are reinforced by walers. Note the 
snap tie wedges along the walers. 


One forming method featuring 
a single waler system elimi- 
nates the need for studs beneath 


Sin le-Waler System Sup | 


Figure 68-14 —— 
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the walers. After the wall form 
panels are set in place, snap 
brackets and walers are attached. 
Wedges secure the walers in 
place. Strongbacks and braces 
are then placed at intervals. See 
Figure 68-14. 


PILASTER, COLUMN, AND 
BEAM FORMS 


Columns and beams are a major 
part of the basic structure of 
most concrete buildings. The 
structural design of many mul- 
tistory buildings is a continuous 
system of columns supporting 
floor slabs, with the same floor 
plan at each level. Columns and 
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Figure 68-14. Studs are not required for some single-waler systems supported by strongbacks. 
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pilasters support the beams, 
which in turn tie into and sup- 
port the floor and roof systems. 
Beams also tie together the walls 
of the building. 


Pilasters 


If a wall design includes pilas- 
ters, pilaster forms are erected as 
the wall forms are constructed. 
See Figure 68-15. Pilasters are 
projections from the face of a 
wall which add strength to the 
wall and may also support the 
ends of beams. 


Columns 


Column forms are constructed 
of plywood, prefabricated steel- 
framed plywood, tubular fiber, 
fiberglass, and metal. Column 


| Figure 68-16 


2x4 
STIFFENERS 


1) Cut four plywood side pieces 
according to print dimensions. Two 


| Constructing and Positioning Wood Column Forms 


forms are subject to much greater 
pressure than wall forms when 
concrete is being placed. Tight 
joints and strong tie supports 
around the form are necessary. 


Figure 68-15. Pilasters provide additional 
strength to a wall and support the ends of 
beams. After the wall forms are positioned, 
walers and studs will be placed. 
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When wood forms are used for 
rectangular columns, the sides 
are constructed of plywood and 
backed with 2 x 4 stiffeners. Stiff- 
eners may be omitted for smaller 
columns that require a lighter 
form assembly. A cleanout hole 
is provided at the bottom of one 
of the sides. After the sides are 
assembled, they are placed in a 
template fastened to the column 
footing. See Figure 68-16. 
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~ The height of a column is 
` typically three times its largest 
horizontal dimension. — 
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CONCRETE 
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o Nail chamfer strips to two side pieces. [3] 


Chamfer strips produce relief corners 


Establish column centerlines. Carefully 


position and fasten wood template in 
place. First two template pieces may be 
fastened with concrete nails or powder- 
actuated fasteners. 


sides will be exact dimensions of their 
corresponding sides. For second two 

sides, add twice the plywood thickness 
and stiffener thickness to panel width. 
Nail stiffeners to panels. 


m 


after concrete has been placed. 
Provide for a cleanout hole in one 
of the sides. 


CLEANOUT 
DOOR 
REMOVED 


COMPRESSED 
AIR HOSE 


A removable cleanout door makes it 
possible to use compressed air to 
blow out debris. Door is replaced 
before concrete is placed. 


TEMPLATE FOOTING 


| imi NE, 


Tie column together. In this example, 
adjustable steel scissors column 
clamps are used. Wedges tighten and 
hold clamps in place. 


o Nail four sides of form together and Q 


place bottom of form inside wood 
template. 


Figure 68-16. When assembling and placing wood column forms, tight joints and strong tie supports around the form are necessary. 
A cleanout hole is provided at the bottom of one of the sides. 
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Hinged metal scissor clamps 
are often used to tie together the 
column form sides. The scissor 
clamps are tightened and held in 
place by cam devices or wedges 
driven into slots located in the 
clamp. See Figure 68-17. After 
the concrete has hardened and 
the forms have been removed, 
the corners may be temporarily 
protected with wood strips. 


Gotes & Sons, Inc. 


Figure 68-17. Scissor clamps are tight- 
ened and held in place by cam devices or 
wedges driven into slots in the clamp. 


Tubular fiber forms are fre- 
quently used to construct round 
concrete columns. The tubular 
forms are positioned and se- 
cured in position with wood or 
metal braces. When stripped, 
the forms are cut with a knife 
or saw and carefully pried from 
the concrete. See Figure 68-18. 
Tubular fiber forms can be easily 
cut to length on a job site using 
a handsaw. 


Figure 68-18. Tubular fiber forms for 
round columns have been set in place and 
braced. Rebar will be set inside the tubes, 
and then concrete will be placed. 


One-piece molded fiberglass 
forms are also used for the con- 


struction of round columns. 


The fiberglass forms are pulled 
apart and placed in position 
around previously installed 
rebar. The edges of the form 
are then secured with bolts at 
closure flanges. The form is 
then secured in position with 
braces tied to a steel bracing 
collar. Forms are stripped after 
the concrete has set by remov- 
ing the flange bolts and sepa- 
rating the flanges. See Figure 
68-19. Other form systems made 
entirely of steel are also used for 
the construction of rectangular 
and round columns. 


Beams and Girders 


Forms for beams and girders 
rest on top of and are tied to 
the column forms. Although the 
terms "beam" and “girder” are 
often used interchangeably, they 
have distinct meanings. A beam 
is a horizontal member that sup- 
ports a bending load over an 
opening, as from column to col- 
umn. A girder is a heavy beam 
that supports other beams and 
girders. See Figure 68-20. 


à i Significant pressure is applied to — 


M c 


“| concrete formwork by concrete — 


| as itis placed and hardens. 
| mp TT ote possibly | 


resulting in injury and/or form 
| damage. Common reasons for - | 
| form failure include the following: | 
. * inadequate diagonal ——— 
.  bracingofshores —— 
© use of undersized " - 
form materials — — 
e inadequately tightened — 
or secured form ties — 1i 
shoring not properly — 
ae ipt 


a. | 


FT 
e t 


COLUMN . / 


Figure 68-20. A structural frame for a 
concrete building may include columns, 
beams, and girders. 


Symons Corp. 
Figure 68-19. Column spring forms are stripped by removing the flange bolts and pull- 
ing apart the flanges. 
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Two concrete placement meth- 
ods can be used for beams and 
girders. In one method, concrete 
for the beams and girders is 
placed separately after concrete 
for the columns has hardened. 
In the other method, concrete is 
poured monolithically, meaning 
the concrete is placed for col- 
umns, beams, and girders at the 
same time. 

Beam and girder forms consist 
of a bottom piece (soffit) and 
sides. See Figure 68-21. The en- 
tire unit is supported by shores 
placed at intervals. Patented 
metal shores are commonly used 
to support the forms, although 
wood T-shores can also be used. 
Beams and girders are heavily 
reinforced with rebar that tie 
into the rebar of the column 
below and the floor above. An 
example of beam-and-column 
concrete construction is shown 
in Figure 68-22. 


FLOOR AND ROOF FORMS 


Several basic designs are used 
for concrete floors and roofs. All 
designs require formwork con- 
sisting of a deck supported by 
joists and shores. The formwork 
must be strong enough to support 
the weight of the form material, 
concrete, and load imposed by 
workers and equipment. 


Beam-and-Slab Floors 


Beam-and-slab systems are 
suitable for floors that will bear 
heavy loads. The floor slab rests 
on top of closely spaced beams 
that tie into girders supported 
by columns. A lighter design 
features concrete joists tied into 
girders. See Figure 68-23. 


Flat-Slab Floors 


Beams and girders are not used 
with a flat-slab system. The slab 
receives its main support from 
the columns and the thickened 
sections over the columns called 
drop panels. See Figure 68-24. 
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Beam and Girder Forms __ 
Figure 68-21 


=< 
~ 


x pom we CHAMFER 
EN M ES STRIP SPLICE 


Figure 68-21. Columns, girders, and beams may be formed as a single (monolithic) unit. 
Note that the beam and girder join over the column. 


Fo Pa Ma scm 
yoan Fiore Lar at 


E. Conus | 2. o 
Figure 68-22. Concrete is placed at the same time for the walls, columns, beams, and girders 
of a monolithic unit. 


Portland Cement Association 


Portland Cement Association 


Figure 68-23. This concrete floor system features a slab resting on concrete joists that Figure 68-24. A flat-slab floor may be sup- 
tie into girders. ported by drop panels over the columns. 


fry Ted 


A stepped wall may be required on some construction projects. Note the guardrail along the top of the stepped wall. 


A variation ofthe drop panelsys- beams, girders, and columns. m = 

tem uses column capitals, some- Concrete joist systems allow for ij ^ .— 

times called drop heads, overthe thinner and lighter floor slabs” Ų Signdard ges A sizes of Jus 

column. See Figure 68-25. with high bearing capacities. boe ORO n ep gay Ss 
Two basic concrete joist system SEVERE, aa, jm dca t 

Concrete Joist Systems designs are the one-way and Wailoist es or ed St af 

Concrete joist systems con- two-way (waffle) joist systems. ANSI/CRSFA48.2, Formeto Wee? 


sist of concrete joists placed ^ Both systems are formed with re- 


Way Joist Construction, respectively, 
monolithically with a floor slab, ^ usable metal or fiberglass pans. tie = 
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Portland Cement Association 


Figure 68-25. A flat-slab floor may be sup- 
ported by drop panels and capitals over 
the columns. 


Long pans are used to form 
one-way joist systems. The pans 
are nailed to the tops or sides of 2" 
thick soffits, which are supported 
by shores and stringers. See Fig- 
ure 68-26. Long pans commonly 
frame into girder forms. 

Dome pans are used to form 
two-way joist systems and are 
supported in the same manner 
as long pans. Since two-way 
joists do not include beams or 
girders, a solid area equal to 
the slab thickness and joist is 
formed around the supporting 
columns. See Figure 68-27. 


Slab Decks and Shoring 


Slab decks are formed over 
metal, engineered wood, or 
solid wood shores, depending 
on the deck design and the load 
imposed on the deck. Metal 
(steel and aluminum) tubular 
shores are commonly used with 
heavy construction formwork. 
See Figure 68-28. Metal shores 
can be reused many times, and 
offer the convenience of screw 
jacks for making height adjust- 
ments. To support higher soffits, 
metal scaffold shores may be em- 
ployed for greater stability. See 
Figure 68-29. Engineered wood 
products, such as veneered 
beams and I-joists, are also com- 
monly used to support form sof- 
fits. See Figure 68-30. Aluminum 
beams are also frequently used. 
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FLANGE NAILED 
TO SOFFIT 


ONE-WAY 


Figure 68-26. Long pans used for one-way joist systems rest on 2" thick soffits supported 
by shores and stringers. 


Figure 68-27. Fiberglass dome forins are in place for a two- 
the worker is applying compressed air between the concret 
to loosen them. 


Portland Cement Association 
way joist system. Here, 
e slab and dome forms 


A traditional method of shoring 
slab deck soffits involves the use 
of wood shoring. The shores are 
cut short to allow for wedges 
over a wood sill. See Figure 
68-31. The wedges are used to 
drive the shores up tightly and 
to line up the floor above. Metal 
shore jacks can also be used for 
this purpose. Horizontal braces 
are nailed or screwed to the 
posts at mid-height to tie the 
posts together. Plywood cleats 
secure the stringers (beams) to 
the shores. Stringers are then set 

— on top of the shores and joists 
Patent Construction Systems aTe laid across the stringers. The 


Figure 68-28. Tubular shores and metal beams are commonly used with heavy construc- plywood deck is then nailed to 
tion formwork. the joists. 


i sds M 


ae 


Symons Corp. 
Figure 68-29. Metal scaffold shoring is 
used to support high form soffits. 


CE RR RO PRI 


- OSHA 29 CFR 1926.703, 
lel Requirements for Cast-in-Place 
Concrete, includes safety 
information related to shoring 
concrete formwork. Shores must 
be inspected immediately prior to, 
during, and immediately after 
concrete placement. Shoring 
equipment that is damaged or 
weakened must be immediately 
reinforced. 


i se 


Safway Steel Products, Inc. 


Figure 68-30. Engineered wood products, such as laminated veneer lumber (LVL) beams 
and wood I-joists, provide proper support for form soffits. 
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Constructing Slab Deck Forms 
REM SSS’ 


SHEATHING SSS 


SS =~ 


M 


WOOD 
SHORES 


Figure 68-31. Slab decks may be supported by wood shores and stringers. Wedges placed under the shores or screw jacks attached to 


the shores provide for vertical adjustment. 


When using engineered wood 
or metal shoring to support 
wood panel deck forms, the 
stringers are supported by metal 
shores that are adjusted with an 
adjusting screw at the top. En- 
gineered wood and aluminum 
beams are available in 8’ to 30’ 
lengths, in 2’ increments. 

When the deck formwork 
has been completed, rebar 
is placed over the deck and 
properly positioned. The floor 
rebar are tied to rebar in the 
walls, beams, and columns. See 
Figure 68-32. 
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APA—The Engineered Wood Association 


Figure 68-32. Rebar is placed over the deck 
of the floor form. Note the opening for the 
beam extending the length of the deck. 


FORMWORK 
CONSTRUCTION 


The general sequence for con- 
structing hand-set forms for the 
first floor of a building is shown 
in Figure 68-33. The procedure 
for setting forms for subsequent 
floors is similar. 

When rebar is placed in walls 
and columns, it will extend 
above the next floor level. 
The rebar may project several 
feet above floor level or pos- 
sibly to the top of the second- 
floor walls and columns. See 
Figure 68-34. 


Heavy Concrete Formwork Construction 


| Figure 68-33 PLYFORM 


PLYFORM 
PANELS 


| iS € 
TUN 
FORM TIES | At CORNERS E. E 


Position outside wall panels on footin 
and drill holes for form ties. 


PLUMB AND ALIGN 
WALL FORMS. 
USE BRACES TO 


r- t 


Drive stakes and install braces 
between strongbacks and stakes. 


2x4 
STIFFENERS 


PLYFORM 
PANELS 


COLUMN 
TEMPLATE 


Construct pilaster formwork where 
beams tie into walls. 


Position stringers and shores. Place joists on 
top of stringers. 


® 


level deck. 


g o Fasten 2 x 4 walers to Plyform panels. 


Lay out position of window buck. 
Fasten buck to outside wall form. 


Position and fasten Plyform panels forming a smooth, 


Fasten strongbacks behind walers to 
provide support for wall forms. 


OUTSIDE WALL 
FORMS, WALERS, 
A STRONGBACKS, 
\ AND BRACES 
IN PLACE 


INSIDE 
WALL FORMS 


TL YO SS S 


|_| ST: ORE: (| 


Position inside wall panels on footing. 
Fasten form walls together using form 


ADJUSTABLE | BEAM FORM 
STEEL 

COLUMN 

CLAMPS 


BUILDING 


CENTERLINE 


CONCRETE 
FOOTING 


Construct beam form bottom and sides 
and position T-shore supports 
underneath. 


“COLUMN 
"RATE HOLE 


DECK FORM 


lat, and 


Figure 68-33. When constructing first-floor heavy construction forms over foundation footings, wall forms are first placed, followed by 


column, beam, and deck formwork. Note reinforcing steel is not shown. 
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1 ui atil 
APA—The Engineered Wood Association 


Figure 68-34. Hebar for columns usually 
extends past ihe floor and beams that are 
supported by the columns. Rebar extend- 
ing from this column will be tied to ad- 
ditional steel placed inside the form for 
the column of the floor above. 


Federally funded construction — * 


| projects are required to be 

| designed in metric units and built 
with metric building materials. 
Soft-converted metric rebar is 
available to fulfill this need. The 
actual metric rebar size is the 
same as conventional rebar, 

but the designation is different. 
Standard metric rebar sizes are 
#10, #13, #16, #19, #22 #25, 
#29, #36, #43, and #57. 


When forms are constructed 
for the outside walls of the sec- 
ond story, the bottoms of the 
outside form wall panels must 
be secured to the top of the 
first-story wall. Anchor bolts 
are embedded in the concrete 
of the previously placed wall. 
See Figure 68-35. The anchor 
bolts extend through walers at 
the bottom of the panels. Large 
washers and nuts are tightened 
over the walers. 


STAIRWAY FORMS 


Concrete stairway form layout 
is similar to that for a conven- 
tional wood stairway. For both 
concrete and wood stairways, 
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Symons Corp. 


Prefabricated reinforced floor panels are positioned with a forklift. Note the columns 
with the rebar extending from the top along the right side. 


the same procedure is used to 
calculate the tread and riser 
dimensions based on the total 
rise and run of the stairway. 

Construction of a concrete 
stairway form, however, can 
be more complicated than con- 
struction of a wood stairway. On 
heavy construction projects, the 
architect may indicate the unit 
run and unit rise, as well as a 
permissible tolerance. The unit 
run and unit rise are then field 
verified on the job and can be 
adjusted as necessary. Figure 
68-36 shows a procedure for 
laying out and constructing 
an open stairway form. Figure 
68-37 shows a procedure for lay- 
ing out closed concrete stairway 
forms. 


PREFABRICATED PANEL 
FORMING SYSTEMS 


Most large concrete construc- 
tion projects use some type of 
panel forming system. Panel 
forming systems range from 
individual panel units that can 
be placed by hand to larger units 
that must be raised and placed 
by crane. Panel forming systems 
are typically constructed of 
wood and/or metal. 


POUR 
FLOOR 


STRIP 
LEVEL 
ANCHOR or NEXT 


BOLT 


;N CONCRETE 
3j CONSTRUCTION 
i JOINT 


CONCRETE 
WALL 


A 
WITH ANCHOR BOLTS T" 
PROVIDED DURING PREVIOUS: 
CONCRETE PLACEMENT. bro 


Figure 68-35. An outside wall panel is 
fastened to a previously placed floor us- 
ing anchor bolts which are embedded in 
the floor slab. 


Constructing Open Concrete Stairway Forms - 
Figure 68-36 — 


PANEL FRAMES — . 1 
AND BRACING SECOND FLOOR LEVEL 
R— ——.——m ———] 5 WIDTH m 
TEMPORARY PANELS [7 ji g i 2 | 
SET UP FOR [| zl | 7.3 
- CONVENIENT  : E l i tr 
P "| STAIRWAY 7&4 fe Iu 
Ru epe LAYOUT TREAD i e Re © 
“REBAR TIE) — (0 MY 10 
(INTO STAIRS jJ j lle " 
< | 7” RISER HEIGHT s 90° 
I IRST FLOOR LEVEL | iro aA IS || eS 

PAN COMER D E UT OR NC uper | i ~~ e» 

(1) Set up and brace temporary panels along one side of Lay out treads and Measure slab thickness of 
stairway form position. Panels provide a convenient risers on temporary stairway at 90° to angle of 
surface for stair form and support layout. panels. stairway run. 

4 E Ad a= ES L——:———— A mu-— ae " — 
| FE a j A 2x4 R [ SEXE | m s = 
| P. et Cosme 24 | 4 x 4 STRINGERS A tr 
p PEU EXE A , ! call "P | | 9 

A STAIR © : I 2 x 4 JOISTS: o 
» SOFFIT JOIST i 
ZEE 4 RR | wm = 


| WEDGES 
THICKNESS At AND SILL 
'OF SOFFIT | 
PANEL | PCR LAG A n]. 1x6 SIL 


Measure down joist To determine length of various shores, measure down 
width and snap chalk from bottom surface of the stringer to floor. Allow 


Snap chalk line that 
represents stair soffit 


line A. This line marks top line C. Measure down deductions for sill and wedge thickness. Cut shores 
surface of soffit panel supporting stringer to length. 

positioned under stairway width and snap 

slab. Measure down the chalk line D. 


thickness of soffit panel 
and snap chalk line B. 


PITCH 
RISER di H 
E ian 
ls 


BEVEL ALLOWS 
FOR TROWELING 


RISER FORM 
BOARDS 


HEIGHT 


_-SUPPORTING : 
Q^ FLOOR JOISTS! 


Height of side forms is 
determined by measuring 
at right angle from endpoint 
of tread to top surface of 
supporting floor joists. 


SOFFIT woes 
PANELS //RISER FORM 
REBAR / Z BOARDS (SEE 


4 2A. ys 


| 


Nail stringers to tops of 
shores and nail joists 
across tops of Stringers. 


4x4 
SHORE 


G/ 


Ml, 
CF 


RISER AND 

SIDE FORM TREAD LAYOUT X 
POSITION ON SIDE 
FORM PANEL 


SIDE FORMS 


|. PLYWoOD, "f [SOFFIT | 
Sor ad AN 2 S = 


“J PANELS / f wE 


SIDE FORM 


4x4STRINGERS | STAIR FORM FIRST FLOOR LEVEL 
Cut soffit panels wide enough to extend 10) Construct side forms, and cut riser boards and cleats. Tie rebar together 
and assemble complete stairway form. 


under and support side forms. 


Figure 68-36. Rebar extending from the floor level above and below is tied to rebar in the stairway. 
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Constructing Closed Concrete Stairway Forms | 


Figure 68-37 ` .. Hl SECOND” 
FLOOR LEVEL 


REAR CONCRETE WALL 


LAY OUT 


FRONT CONCRETE WALL SLAB THICKNESS 


SECOND FLOOR LEVEL 


PLYWOOD 
E PANELS 


LAY OUT RISER HEIGHTS 
AND TREAD WIDTHS 
ON REAR WALL 


REAR 
CONCRETE 
WALL 


FIRST 
FLOOR 
LEVEL 


o Lay out soffit, joist, and stringer lines. Construct soffit 
and its supporting members as described in Figure 68-36. 


iar, Du er eR: 
y, = 


2 x 6 NAILED 
ALONG CHALK 
Lay out riser heights and tread widths on rear concrete wall LINE SNAPPED .. 
surface. A 7” riser height and 10” tread width are shown for ATENDPOINTS ~ 
this stairway. OF TREADS 


On 


SNAP CHALK 


| z 

THICKNESS 
| OF iste REB E 2 x 6 CLEATS 
| FORM BOARD wy FAS x NAILED TO 
PLANK 


Snap chalk line along 
endpoints of the riser 
form boards. Nail 2 x 6 
along this line. 


form boards. 


c SSeS NMNNNNRRN.— i 


, F | S | * CN RS 
[PDI EE SS ` ies x3 
Q Cut and nail 2 x 6 cleats to 2 x 6 plank. Nail riser form 
boards to ends of cleats. 


Figure 68-37. A closed concrete stairway is built between two walls. 


Gang Forms 


On structures where concrete 
must be placed in two or more 
stages, gang forms are often 
used. Gang forms are large pan- 
els constructed by fastening 
together a series of smaller panel 
forms. Walers, strongbacks, 
lifting brackets, and scaffold 
brackets are then fastened to 
the panels. The entire unit is 
lifted and placed in position by 
crane. See Figure 68-38. When 
the concrete has set sufficiently, 
the forms are then removed and 
moved to another location. 


Wu 


E "o rem n ssec yc 4 Patent Construction Systems 
à “Gong pus 3m be L Figure 68-38. Prefabricated gang forms commonly include walers, strongbacks, lifting 
t high and 40 wid “ ‚EN brackets, and scaffold brackets. Note the toprails, midrails, and toeboards in place to 


protect workers against falls and prevent materials from falling from the platforms. 
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Flying Forms 


Flying forms are prefabricated 
forming systems that usually 
consist of a wood deck and a 
metal support system. See Fig- 
ure 68-39. Flying forms may 
be used to form floor slabs and 
other structural members such 
as beams. The forms are placed 
in position with a crane. See 
Figure 68-40. After placing con- 
crete and allowing it to harden 


Flying Forms 
Figure 68-39 


CHORD SPLICE WITH 
CONNECTING NUTS 
AND BOLTS 


ALUMINUM 
BEAM 


TOP 
HORIZONTAL 


cross f 
BRACE JE 


KNOCKOUT 
PANEL 


ADJUSTABLE LEG 


FOOT PAD 


sufficiently, the entire flying 
form is removed and lifted to the 
next floor level. The use of flying 
forms greatly increases produc- 
tion on multistory buildings. 


Slip Forms 


Slip forms were originally de- 
veloped for the construction of 
curved concrete structures such 
as silos and towers. Slip form- 
ing methods have expanded to 
the construction of rectangular 


7^ CHORD WEB 
BRACES 


BOTTOM 
HORIZONTAL CHORD 


(JACK STAND) 


Figure 68-39. The support for a flying floor form unit is provided by aluminum trusses 
placed on either side and aluminum beams placed across the trusses. A plywood deck is 
fastened on top of the beams. Adjustable jacks are used to raise the unit into position. 
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Potent Construction Systems 


Sofwoy Steel Products, Inc. 


Figure 68-40. Flying forms used for floors or other structural members are set into place 
by crane. 


buildings, caissons, building 
cores, underground shafts, shear- 
wall buildings, communication 
towers, and a variety of other 
structures. See Figure 68-41. 
Slip forming can save significant 
labor, time, and material cost on 
construction projects. 
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Figure 68-41. Slip forms are commonly 
used in the construction of tall buildings. 
Concrete is transported to the upper level 
of the building and is placed in forms us- 
ing a pumping apparatus. 


Most slip forms consist of 4’ 
high inner and outer walls of %” 
to 34" plywood panels supported 
by a 2 x 4 studs and 2 x 6 wal- 
ers. Inner and outer form walls 
are slightly tapered outward at 
the bottom (V&" per foot) to re- 
duce the amount of drag on the 
concrete as the form is raised. 
The walls are secured together 
with steel cross beams and yoke 
legs. Cross beams tie together 
the tops of opposing yokes and 
provide a mounting surface for 
the hydraulic jacks. The yoke 
legs are made of steel and are 
spaced approximately 6’ apart 
along the length of the slip form. 
The yoke legs are adjusted to the 
wall width and are fastened to 
the cross beams at the top end 
and to the walers along the bot- 
tom end. Hydraulic jacks are 
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mounted on the cross beams. 
Slip forms are raised by electri- 
cally or pneumatically powered 
hydraulic jacks that climb jack- 
rods extending into the form. 
Perfect coordination of the hy- 
draulic jacks is essential for ac- 
curate alignment ofthe forms; all 
hydraulic jacks must be lifted at 
the same time and at the same 
rate. Jackrods are threaded at 
each end. Additional lengths of 
jackrod are fastened to the upper 
threaded end when required. 
See Figure 68-42. 

Slip forms move up the jack- 
rods as concrete is being placed, 
at a rate ranging from 2" to 70" 
per hour. The climbing speed 
depends on the type of structure, 
rate of concrete placement, and 
how quickly rebar and built-ins 
can be placed. Built-ins consist 
primarily of door and window 
bucks and beam pockets. Provi- 
sion must also be made for the 
placement of brackets, anchors, 
utility (plumbing and electrical) 
recesses, and similar items. Slip 
forms do not operate 24 hours 
a day on most types of slip 
form construction. Therefore, 
construction joints occur on the 
surface of the structure. 
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Figure 68-42. The basic design of a standard Slip form includes jackrods, hydraulic jacks, 
cross beams, and yoke legs. Additional features, such as scaffold, are custom made for 
the structure being erected. 
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Figure 69-1. Ready-mixed concrete is pre- 
pared in a batch plant and deposited in 
transit-mix trucks for delivery to a job site. 
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CONCRETE PLACEMENT 
OPERATIONS 


For the basement and lower 
floors of a tall concrete build- 
ing, concrete is usually placed 
(poured) using a concrete pump. 
See Figures 69-2 and 69-3. A 
concrete pump is a truck-mounted 
piece of equipment that moves 
concrete, through a pipeline 
attached to a boom, to a distant 
location. Concrete is deposited 
into the pump hopper from a 
transit-mix truck and transported 
through the pipeline using a re- 
ciprocating or screw pump. 
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As the building gains in height, 
either freestanding or climbing 
tower cranes are used to trans- 
port concrete to upper levels 
in concrete buckets. Concrete 
is deposited in the concrete 


ECO-Block, LLC 


Figure 69-2. A common inethod of placing concrete is pumping. Stabilizers on the 
concrete pump truck are positioned before the boom is extended to pump the concrete. 
Here, concrete is pumped into insulating concrete forms (ICFs). 


buckets from a transit-mix truck. 
Concrete buckets are available 
in various shapes and designs 
and range from % cubic yard 
(cu yd) to 12 cu yd in capacity. 
Typical concrete buckets have a 
?4 cu yd to 1 cu yd capacity. 


Portland Cement Associatian 
Figure 69-3. Concrete is pumped through 
a pipeline, which is supported by a boom 
and cables. A flexible hose at the end of 
the pipeline allows the concrete to be 
placed where desired. 


A concrete bucket is raised 
by cable and positioned, if pos- 
sible, directly over the wall form 
or floor slab where the concrete 
is to be placed. The concrete is 
then released by opening the gate 
at the bottom of the bucket. See 
Figure 69-4. 

Power buggies may be used to 
transport concrete or other ma- 
terials on a job site. Concrete is 
deposited in a power buggy and 
is then moved to its final loca- 
tion. The front-end bucket on the 
buggy is then tilted to discharge 
the concrete into the forms. See 
Figure 69-5. 


Figure 69-4. A concrete bucket is com- 
monly used to place concrete in wall 
forms. The bucket being used on this job is 
equipped with a bottom dump chute that 
makes concrete placement convenient. The 
worker at the right is pulling down on the 
handle that opens the gate at the bottom of 
the bucket to release the concrete. 


MENU DEC o e dá * UC 
Figure 69-5. Power buggies are used to 
transfer concrete over short distances and 
deposit it in place. 


Concrete is a mixture of a 
small amount of cement added 
to a much larger quantity of fine 
and coarse aggregate (sand and 
gravel). When water is added 
to the mixture, the cement acts 
as the agent to bond together 
the aggregate. The cement and 
aggregate ingredients must be 
thoroughly mixed together for 
the concrete to properly set and 
harden. Incomplete mixing ofthe 
mixture can cause segregation, 
a condition in which the fine 


aggregate-cement ingredients 
of the concrete separate from 
the coarse aggregate. Improper 
concrete placement procedures 
can also cause segregation. If 
concrete has been properly 
mixed before being discharged, 
segregation can be avoided using 
the following procedures: 
* The drop of concrete should 
always be vertical (straight 
down), and not angled. 


e An elephant trunk should 
be attached to the lower 
end of a drop chute to de- 
posit concrete into deep 
walls or tall columns. See 
Figure 69-6. 


Drop chutes should be 
used to prevent concrete 
from striking rebar or the 
side of the form above the 
level of placement. See 
Figure 69-7. 


The free-fall distance of 
concrete should be from 4’ 


to 6’ maximum. 


^« METAL 
HOPPER 


HOSE 
CLAMP 


'" ELEPHANT 
TRUNK 


Figure 69-6. An elephant trunk, when 
attached to a hopper and drop chute, 
allows concrete to be properly placed at 
the bottom of a deep form such as a tall 
column. 
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HOPPER AND 
DROP CHUTE j 
PREVENT CONCRETE / 
FROM STRIKING / 
FORM WALLS 


Lu 


CORRECT 


CONCRETE HITS 
FORM WALLS 


NARROW! 


CONCRETE) 


Figure 69-7. When placing concrete in a narrow form, use a hopper and drop chute to 
prevent concrete from striking against the rebar and the form walls. 


Concrete for a form should 
not be deposited in one corner; 
rather, it should be discharged 
from different positions until an 
even Jift (layer) has been placed 
in the form. See Figure 69-8. 
The procedure should then be 
repeated until enough lifts have 
been placed to fill the form. 
Thinner lifts are recommended 
in forms containing heavier or 
more closely spaced rebar. 


PLACE CONCRETE IN EVEN LIFTS 
NO MORE THAN 18" THICK 


PLACE CONCRETE IN PILES | 


Figure 69-8. Concrete should be placed in 
forms in even lifts. 


While concrete is being depos- 
ited, it must be consolidated to 
create a close arrangement of 
solid particles by reducing excess 
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space between the particles. When 
multiple lifts of concrete are placed, 
each new lift is consolidated with 
the lift below it to prevent cold 
joints in the concrete. Vibration 
is an effective method for con- 
solidating concrete. Internal 
(immersion) vibrators are used 
most often for heavy concrete 
construction. Internal vibrators 
are powered by electricity, gas, or 
compressed air. See Figure 69-9. 


Figure 69-9. Internal vibrators are used 
to consolidate concrete while it is being 


placed. 


Systematic vibration of each 
new lift of concrete is necessary 
to provide proper consolidation. 
The vibrator should penetrate a 


few inches into the previous lift 
at regular intervals for a period 
of 5 seconds to 15 seconds. If the 
concrete is not penetrated with 
the vibrator at various points and 
with sufficient depth, improper 
consolidation between the two 
lifts results. To aid consolidation 
in concrete placed in a sloping 
layer, start vibration at the bot- 
tom of the slope so compaction 
is increased by the weight of 
the newly added concrete. See 
Figure 69-10. 


PER en UNE j 


CORRECT INCORRECT 


| i VIBRATOR 
1 HEAD 


Figure 69-10. The metal head of an in- 
ternal vibrator is placed into the concrete 
for a period of 5 seconds to 15 seconds 
and should penetrate a few inches into 
the previous lift. 


7 o AME 


Compression test cylinders are filled at the job site. Note the cylinders in the background 


that were previously filled. 


Typical surface defects result- 
ing from improper consolidation 
are honeycombs, air pockets, 
and sand or gravel streaks. 
These defects can also be caused 
by faulty form construction or 
an improper concrete mixture. 


Concrete Admixtures 


Admixtures are ingredients that 
are added to the basic concrete 
mixture to modify its proper- 
ties. Admixtures are added to 
the mixture prior to or during 
mixing to achieve the desired 
results. 


Air-Entraining Admixtures. 
Air-entraining admixtures pro- 
duce microscopic air bubbles 
in a concrete mixture. The air 
bubbles improve the workability 
of concrete as well as its resis- 
tance to freezing and thawing. 
Air-entraining admixtures are 
of particular benefit in concrete 
placed during cold weather. 


Water-Reducing Admixtures. 
Water-reducing admixtures are 
added to a concrete mixture 
to reduce the amount of water 
required to produce a desired 
mixture. Concrete strength is 
increased when using water- 
reducing admixtures, as long 
as the water content in the 
mixture is reduced and the ce- 
ment content and slump remain 
constant. Many water-reducing 


admixtures also retard the setting 
time of the concrete, which al- 
lows a slower curing process. 


Accelerating Admixtures. Con- 
crete gains strength very slowly 
at low temperatures. Accelerat- 
ing admixtures reduce the setting 
time of concrete and improve the 
strength of concrete at an early 
stage. Accelerating admixtures 
are especially useful in cold 
weather conditions to allow con- 
crete to set before it freezes. 


Set-Retarding Admixtures. Set- 
retarding admixtures are added 
to concrete to extend its setting 
time. Set-retarding admixtures 
are useful in hot weather con- 
ditions, when concrete sets so 
rapidly that it cannot be finished 
properly. In addition, set-retard- 
ing admixtures may be added 
to delay the set in some appli- 
cations such as when placing 
concrete in a large foundation 
or when more time is needed to 
complete finishing. 


Pozzolans. Pozzolans used 
as concrete admixtures are 
permicite, volcanic ash, tuffs, 
diatomaceous earth, fly ash, 
calcined clays, and shale. By 
themselves, pozzolans would 
add little value to concrete. How- 
ever, in the presence of moisture 
and under ordinary temperature 
conditions, pozzolans react with 


other cement materials to form 
compounds that have cement- 
ing properties. As a result, poz- 
zolans may be used as a partial 
replacement for cement. In ad- 
dition, pozzolans may be used 
to help reduce internal tempera- 
tures when concrete is being 
placed in massive structures 
such as dams. 

Some pozzolans are used to re- 
duce concrete expansion caused 
by alkali-reactive aggregate. 
Other pozzolans improve the 
sulfate resistance of concrete. 
However, pozzolans also may 
create a disadvantage. As a rule, 
concrete with pozzolans requires 
more mixing water to achieve the 
same slump (consistency) as 
concrete without pozzolans. In 
addition, when hardened, con- 
crete with pozzolans has a ten- 
dency to crack because of greater 
contraction while drying. 


Other Admixtures. Other admix- 
tures are available to improve 
the workability of the concrete, 
to help waterproof it, and to in- 
crease bonding strength when 
new concrete is placed against 
existing concrete. Grouting 
agents are available to improve 
the quality of grout used for a 
variety of filling, patching, and 
repair purposes. Gas-forming 
agents are sometimes added to 
concrete and grout to cause a 
slight expansion before harden- 
ing. Coloring admixtures impart 
a desired color to concrete. 


CONCRETE TESTS 


Various test procedures are 
involved in the manufacture, 
mixing, and placement of con- 
crete. Many test procedures 
are conducted in a laboratory. 
Two tests that are performed 
or prepared at a job site are the 
slump test and compression 
test. Carpenters are not usually 
involved in these tests, but they 
should understand why the tests 
are conducted. 


Unit 69 Concrete Placement for Heavy Construction 763 


Slump Tests 


A slump test measures the slump, 
or consistency, of fresh concrete. 
Slump directly affects flow-abil- 
ity of concrete during placement. 
ASTM C143, Standard Test 
Method for Slump of Hydraulic 
Cement Concrete, details the 
slump test procedure. Samples 
are taken at intervals during 
discharge of the concrete into 
the forms. A slump cone made of 
sheet metal, 4" in diameter at the 
top, 8" diameter at the bottom, 
and 12" high, is used. The inside 
of the slump cone is dampened 
before use and placed on a 
smooth, nonabsorbent surface 
for the test. Concrete is placed 
in the cone in three equal layers 
and is rodded with a %” diameter 
by 24" long rod by moving the 
rod up and down in the con- 
crete. Excess concrete at the top 
of the slump cone is removed. 
The cone is then removed with 
a slow, even motion. The cone 
is then inverted and placed next 
to the concrete sample. A ruler 
is then used to measure the con- 
crete slump. See Figure 69-11. 


Figure 69-1] 


METAL 96" x 24" 
SLUMP ROD 
CONE 


| Fill cone to 

| v full by 
volume. Rod 
25 times with 
98" diameter 
by 24" long 
rod. Rod 
evenly over 
entire cross 
section of 
concrete 
slump 
sample. 


o Carefully lift 
cone vertically 
with slow, even 
motion. Do not 

jar the concrete 
or tilt the cone. 
This operation 
should take 5 

to 10 seconds. 


- host ER 
Portland Cement Assocation 
A slump test is a field test that measures 
concrete consistency. 


Some allowable slump ranges for 
various types of construction are 
shown in Figure 69-12. 


Compression Tests 


A concrete mixture varies in 
strength according to the propor- 
tions of its ingredients. Ingredi- 
ent proportions are determined 
for each job according to certain 
factors such as the shape and 


Fill cone 
to 25 full 
by volume. 
Rod second 
layer 25 
times, 
penetrating 
into, but not 
completely 
through, 
first layer of 
concrete. 


RULE 


Figure 69-11. A slump test is used to measure the consistency of concrete, 
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REMOVE 
EXCESS 


FILL TO 
OVERFLOWING 


size of structural members to be 
built (walls, slabs, beams, col- 
umns), their required strength, 
and the environmental condi- 
tions they will face. 

Engineers involved in design- 
ing the structure or concrete 
field specialists calculate the 
compressive strength required 
for its members. Compressive 
strength is the pounds per 
square inch (psi) of force the 
concrete can withstand 28 days 
after it has been placed. Twenty- 
eight days is the average time 
required for concrete to gain its 
full strength. 

The water-cement ratio large- 
ly determines compressive 
strength. The water-cement 
ratio is calculated by dividing 
the weight of the water used in 
1 cu yd of concrete by the weight 
of the cement used in 1 cu yd. 
Thus, if the weight of the water 
used in 1 cu yd is 10 Ib, and the 
weight ofthe cement is 20 lb, the 
water-cement ratio is .50 (10 + 
20 = .50). Figure 69-13 shows 
a table of several water-cement 
ratios and their relation to com- 
pressive strength. 


Fill cone to 
overflowing. Rod 
third layer 25 
times, penetrating 
into, but not 
through, second 
layer of concrete. 
Remove excess 
concrete from 

top of slump 
cone and remove 
overflow from 
around base. 


5) Invert cone and place it 
next to slumped concrete 
sample. Place straightedge 
over top of cone and 
extending over top of 
slumped concrete. Measure 
amount of slump in inches 
from bottom surface of 
straightedge to top of 
slumped concrete sample. 


ALLOWABLE SLUMP RANGES 


D. iie zs 
E Building columns - 


à Pavements and slabs 


* in in. 


TOSS 


t May be increased 1” for consolidation by hand methods such as rodding and spacíng 


Figure 69-12. Concrete slump varies for different types of construction. 


WATER-CEMENT RATIOS 


Compressive 
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.4000 
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|. 2000 
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Figure 69-13. The compressive strength increases as the water-cement ratio de- 
creases. Note that air-entrained concrete requires a lower water-cement ratio than 


non-air-entrained concrete. 


ASTM C172, Standard Prac- 
tice for Sampling Freshly-Mixed 
Concrete, and ASTM C31, Stan- 
dard Practice for Making and 
Curing Concrete Test Specimens 
in the Field, detail the sampling 
process, and handling, storing, 
and curing concrete. For the 
compression test, at least three 
samples are taken and placed 
into cylinders while the con- 
crete is being discharged. The 
cylinders are covered with a lid 
and carefully stored on the job 
site in a place where they are 
protected from jarring. After 24 
hours the cylinders are taken to 
a laboratory, where the concrete 
sample is removed from the cyl- 
inder and cured for 28 days. 

After the 28-day curing period, 
the sample is capped with a thin 
layer of capping compound. 
After the cap has hardened, the 


sample is placed in a hydraulic 
press that is equipped with a 
pressure gauge. Pressure is ex- 
erted until the sample is broken. 
The pressure gauge registers the 
load required to break the sam- 
ple. See Figure 69-14. ASTM 
C39, Standard Test Method for 
Compressive Strength of Cylin- 
drical Concrete Specimens, de- 
scribes the procedure for testing 
concrete samples. 


EFFECTS OF WEATHER ON 
CONCRETE 


Extreme hot or cold weather con- 
ditions pose special problems for 
placing concrete if proper precau- 
tions are not taken. 


Effects of Hot Weather 


Some challenges caused by hot 
weather are increased water 
demand, early slump loss, and 


increased rate of setting, which 
result in strength loss and the 
possibility of cracking. The ideal 
ambient (surrounding air) tem- 
perature during concrete place- 
ment is 50°F to 70°F. However, 
many specifications require that 
the ambient temperature be less 
than 90?F. 

One way to maintain low 
concrete temperature is to keep 
the concrete ingredients as 
cool as possible before mixing. 
Water, before being placed in 
the mixture, can be cooled by 
refrigeration, liquid nitrogen, 
or crushed ice. Care must be 
taken to ensure that the ice is 
completely melted before place- 
ment to prevent weak spots in 
the concrete. Aggregate and ce- 
ment can be stored in a shady 
place before use and kept moist 
by sprinkling with water. 

Equipment such as mixers, 
chutes, hoppers, and pump 
lines should be shaded or cov- 
ered with wet burlap prior to 
placing the concrete. The forms, 
rebar, and the subgrade should 
also be fogged with cool water 
before the concrete placement 
begins. Water-reducing admix- 
tures may also be incorporated 
into the mixture. 


ELE International, Inc. 
Figure 69-14. A concrete sainple is placed 
in a hydraulic press equipped with a pres- 
sure gauge to determine the compressive 
strength. Pressure is placed on the sample 
until it breaks. 
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During cold weather placement, the concrete and forms are covered with tarpaulins to 
retain the heat. Gravel is placed over the tarpaulin to hold it in position. 


Effects of Cold Weather 


Hydration takes place at a slow- 
er rate when temperatures are 
low. Hydration is the chemical 
reaction between cement and 
water that bonds molecules, 
resulting in the hardening of the 
concrete mixture. 

When the temperature drops 
to O°F or below, concrete ingre- 
dients should be heated. Raising 
the temperature of the mix water 
is the most efficient and effective 
method for increasing concrete 
temperature. Care should be tak- 
en to ensure the mix water does 
not exceed 140*F since contact 
with hot mix water can cause 
the cement to flash set, forming 
cement balls. Air-entraining or 
accelerating admixtures may also 
be used when placing concrete in 
cold weather conditions. After 
concrete placement, the forms 
and concrete are covered with 
tarpaulins or plastic film to retain 
the heat. If necessary, enclosed 
areas can be further warmed with 
heaters. In some cases, straw or 
hay may be spread over the tarps 
to retain concrete heat. 

Concrete should not be placed 
on frozen soil; therefore, pre- 
cautions must be taken to pre- 
vent frost from setting into the 
ground where concrete is to be 
placed. After the forms have been 
constructed, the insides of the 
forms and the rebar must be kept 
free of ice. Deicing chemicals 
are often used to prevent ice 
from forming. 
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CONCRETE FLOOR SLABS 


A concrete floor slab may be laid 
directly on the ground (slab-at- 
grade) or it may be supported by 
walls, beams, and columns. 

Superflat floors may be re- 
quired for certain construction 
projects such as warehouse 
floors. Forklifts at these facili- 
ties may require near-perfect 
floor levelness to avoid spilling 
loads. 


Slab-at-Grade Floor Slabs 


Slab-at-grade concrete floor 
slabs are placed at the basement 
or first floor level and receive 
direct support from the ground. 
Concrete for slab-at-grade floor 
slabs may be placed at the initial 
stages of foundation work, in 
which case the foundation wall 
also acts as the perimeter form 
for the floor slab. 

Ground preparation is im- 
portant for a slab-at-grade floor 
slab, as the subgrade (ground 
below the slab) must be able 
to uniformly support the slab 
and any other loads carried by 
the slab. The subgrade must be 
properly graded, compacted, 
and moistened. Vegetation and 
other foreign matter must be 
removed. Soft or muddy spots 
must be dug out and replaced 
with well-compacted fill. 

Before a concrete for a 
slab-at-grade floor slab is placed, 
a layer of granular rock (gravel) is 
laid down. A vapor barrier in the 


form of a waterproof membrane 
(polyethylene, butyl rubber, or 
asphalt-impregnated sheets) is 
placed on top of the gravel. 

The perimeter form of a floor 
slab establishes the outside 
finish levels of the slab. To 
maintain the proper floor levels 
throughout, a system of screed 
rails and screed supports is set 
up. The screed system consists 
of a straightedge that moves 
along screed rails held by some 
type of support. See Figure 
69-15. Screed rails are placed 
at intervals so the straightedge 
bottom is set to the desired 
level of the concrete slab. The 
straightedge resting on the 
screed rails strikes off (levels 
off) the concrete. Metal screed 
supports are commonly used. 
See Figure 69-16. The screed 
rails and supports are removed 
from the concrete as soon as 
the area has been struck off. 
Mechanical vibratory screeds 
that consolidate as well as 
strike off the concrete are also 
available. 


STRAIGHTEDGE 
FOR STRIKING 
OFF CONCRETE 


Figure 69-15. Screed rails are placed at in- 
tervals so the bottom of the straightedge is 
set to the desired level of the concrete slab. 
The straightedge is moved back and forth 
to strike off the concrete. The screed rails 
are removed from the concrete as soon as 
the area has been struck off. 


Metal Screed Supports — 


Figure 69-16 ELSE LL (a 
CLEAT NAILED 
TO TOP OF 


2x4 
SCREED RAIL 


METAL SCREED 
SUPPORT IS SCREWED 
INTO WOOD DECK FORM 


—WOOD DECK FORM = 


STRUCTURALLY 
SUPPORTED SLAB 


Figure 69-16. Adjustable metal screed supports are driven into the ground for a slab-at- 
grade, or screwed into the wood deck form for structurally supported slabs. 


SLAB-AT-GRADE 


and hand trowels produce the 
final finished surface of the con- 
crete. See Figure 69-17. 


Waterstops 


A waterstop is a PVC, rubber, or 
stainless steel barrier used to pre- 
vent the passage of liquid or gas 
under pressure through a joint 
in a concrete slab or wall. Struc- 
tures such as water-treatment 
facilities and water reservoirs 
require waterstops to prevent 
passage of liquids. As shown 
in Figure 69-18, split formwork 
must be constructed at waterstop 
joints. Split forms allow half of 


As in all concrete construction, 
concrete for a slab-at-grade floor 
slab should be placed as close 
as possible to its final location 
to reduce unnecessary labor 
and to prevent segregation. 
Concrete deposited for floor 
slabs must be properly con- 
solidated using a vibrator or 
manual means. 

As the concrete is being placed, 
cement finishers strike off the 
concrete. When the screeds 
are removed, the concrete is 
finished. A bullfloat is used to 
eliminate high and low areas 
in the concrete. Power trowels 


the waterstop to be embedded 
in the first section of concrete. 
The centerline of the waterstop 
should be aligned with the center 
of the slab joint. Properly secure 
the exposed flange of the water- 
stop to prevent displacement 
and folding over the waterstop 
during concrete placement. 


BULB 

CENTERED CENTER 
UNDER 
JOINT 


OF SLAB 


WATERSTOP 
MUST HAVE 
SNUG FIT 


WATERSTOP 


TWO-PIECE 
FORM WALL 


Figure 69-18. Waterstops require special 
formwork to remain in position during 
concrete placement. 


Control Joints 


Like other construction materi- 
als, concrete expands and 
contracts with moisture and 
temperature changes. To mini- 
mize cracking from expansion 
and contraction, control joints 
are provided in a concrete slab. 
A control joint is a groove in 
a concrete slab that creates a 
weakened plane and controls 
the location of cracking in a 
slab. See Figure 69-19. 


Figure 69-17. Concrete is finished by power troweling or hand troweling. 
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Figure 69-19. If concrete cracks as a 
result of expansion and contraction, the 
crack will be confined to the area of the 
control joint. 


Control joints are formed 
immediately after finishing a 
concrete slab or the day after 
concrete is placed. When con- 
trol joints are formed in newly 
finished concrete, the joints may 
be tooled or formed using metal 
or plastic T-strips. When tooling 
a control joint, a chalk line is 
snapped on the concrete surface 
and a straightedge is placed 
along the line as a guide for a 
groover. See Figure 69-20. 

When forming a control joint 
with metal or plastic strips, a 
chalk line is snapped on the con- 
crete surface and a cut is made 
in the surface with the edge of 
a trowel. The strips are inserted 
into the cut and the top edge of 
the T-strip is removed prior to 
troweling the surface. 


Figure 69-20. Control joints are tooled 
into a concrete slab using a groover. The 
straightedge ensures a straight control 
joint. 


Another method of creating 
a control joint is to cut into the 
slab with a concrete saw fitted 
with a masonry blade after the 
concrete has sufficiently hard- 
ened. See Figure 69-21. The 
cut is made to approximately 
one-fourth the slab thickness. 
If cracking later occurs, it will 
be confined to the area of the 
control joint. 


Slab Expansion Joints 


Expansion (isolation) joints are 
joints that separate adjoining 
sections of concrete to allow for 
movement caused by expan- 
sion and contraction of the slab. 
Expansion joints are required 
when a concrete slab is laid for 
a basement floor after the foun- 
dation walls, piers, and columns 
have been erected. Expansion 
joints are also placed where a 
driveway slab butts against a ga- 
rage slab. See Figure 69-22. 


Figure 69-21. A control joint is cut into a concrete slab using a concrete saw. 
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Figure 69-22. An asphalt-impregnated strip 
is placed between adjoining sections of 
concrete to allow for movement caused by 
expansion and contraction of the slab. 


An expansion joint extends 
through the entire slab thickness. 
An expansion joint is common- 
ly formed using an asphalt- 
impregnated strip around the 
slab perimeters before the con- 
crete is placed. The strip re- 
mains in place after the concrete 
has set. See Figure 69-23. 


Structurally Supported 
Slab Floors 


The main difference between a 
slab-at-grade floor slab and a struc- 
turally supported slab floor is that 
concrete for a structurally sup- 
ported slab is placed on top ofthe 
deck forms and is monolithically 
joined with the walls, columns, 
and beams. Concrete placement, 
screeding, and finishing opera- 
tions are the same as described 
for slab-at-grade floor slabs. 


Wall Expansion Joints 


Expansion joints in walls serve 
a similar purpose to expansion 
joints in slabs—they separate 
adjoining concrete wall sections 
to allow for movement caused 
by expansion and contraction. 
Concrete for longer walls is often 
placed in sections, or concrete 
tilt-up panels are placed indi- 
vidually to create walls. The wall 
sections are subject to various 
stresses that cause movement, 
including temperature changes, 
settlement, seismic action, and 
wind load. Expansion joints help 
to account for this movement. 


Control and Expansion Joints 
Figure 69-23 EM ee 
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IMPREGNATED 


CONCRETE 
COLUMN 


CONTROL 
JOINT 


EXPANSION 
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CONCRETE 
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— IMPREGNATED 


Figure 69-23. A concrete floor system has expansion joints between the slab and walls and 
around columns. Control joints are placed at intervals in the slab to control cracking. 


Expansion joints extend the 
full height and width of a wall 
and may also include the foun- 
dation footing. The typical 
gap between walls is 12”, The 
construction prints typically 
include information about the 
location of expansion joints and 
the distance between joints. Ex- 
pansion joints are commonly lo- 
cated at the ends of wall sections 
and where a wall butts against 
the face of another wall. 


Preparation. The wall sections 
on each side of an expansion 
joint cannot be connected to one 
another, including horizontal re- 
bar spanning the expansion joint 
gap. Rebar should terminate 2" 
to 3" from the expansion joint. 
When creating an expansion joint 
between adjacent wall sections, a 
V" thick piece of preformed bitu- 
minous fiber material can be tem- 
porarily tacked along the edge of 
the first wall using construction 
adhesive or nails. After concrete 
for the adjacent wall section has 
been placed and hardened, the 


bituminous material is removed, 
leaving a 1⁄2” gap. 


Sleeved Dowel System. In or- 
der to maintain wall alignment 
while allowing for the move- 
ment of adjacent wall sections, 
a sleeved dowel system may be 
used. The deformed end of a 
dowel is embedded in one ofthe 
wall sections with the smooth 
end extending from the edge 
of the wall section. A sleeve, 
which is capped on one end, 
is aligned with the smooth end 
and is embedded in the adjacent 
wall section. See Figure 69-24. 
The dowel spacing is indicated 
on the construction prints. 


Joint Sealants. A sealantis used 
to prevent air and water from 
passing through an expansion 
joint and into a building. The 
sealant must be flexible enough 
to absorb movement without 
breaking its bond to the walls. 
Common sealants include sili- 
cones, acrylics, and ethylene 
vinyl acetate (EVA) sealants. 


SLEEVE 


l 
DEFORMED 


DOWEL SECTION SLEEVE 


SMOOTH 
DOWEL SECTION 


Figure 69-24. A sleeved dowel system 
may be used to maintain wall alignment 
while allowing for movement of adjacent 
wall sectíons. 


A backer rod is first forced into 
the expansion joint to limit the 
depth of the sealant. Backer rods 
are flexible, closed-cell polyethyl- 
ene foam rods that are available 
in a variety of lengths. An exterior 
skin on the backer rod prevents 
the sealant from adhering to the 
rod. See Figure 69-25. 


vz" WIDE 
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JOINT 
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EDGES OF 
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Figure 69-25. Backer rods are forced into 
expansion joints to provide backing for 
the sealant. 


CURING CONCRETE AND 
REMOVING FORMS 


Curing is the process of main- 
taining proper concrete moisture 
content and concrete tempera- 
ture long enough to allow hydra- 
tion to occur. Hydration begins 
as soon as water is added to the 
concrete mixture and continues 
as long as water is present in 
the concrete and the tempera- 
ture conditions are favorable to 
maintain moisture content. 
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The first three days after con- 
crete is placed are critical to 
the quality of concrete. During 
this period, concrete is most vul- 
nerable to irreparable damage. 
Seven days after concrete place- 
ment the concrete attains ap- 
proximately 70% of its strength, 
and at 14 days concrete attains 
about 85% of its strength. Un- 
der normal curing conditions, 
maximum concrete strength is 
reached at 28 days. 

Curing floor slabs is more diffi- 
cult than curing walls since more 
surface area is exposed for slabs. 
Greater surface exposure allows 
moisture in the concrete to 
evaporate more quickly if proper 
precautions are not taken. 

A variety of methods are used 
to ensure that a concrete slab 
retains moisture for a minimum 
of three days. The slab may be 
misted or flooded with water. 
See Figure 69-26. The slab may 
also be covered with burlap or 
polyethylene film to help the 
concrete retain moisture and 
also to protect it from damage 
from frost, direct sun, traffic, 
and debris. See Figure 69-27. 
Chemical sealing compounds 
for curing can be applied by 
hand sprayers or by automatic 
self-powered sprayers. See Fig- 
ure 69-28. 

Forms must be stripped (re- 
moved) carefully to avoid injur- 
ing workers or damaging the 
concrete. In general, stripping 
forms from walls, columns, and 
beam sides is recommended 
no sooner than three days after 
the concrete has been placed. 
Forms for floor slabs should be 
stripped no sooner than seven 
days after concrete placement, 
and forms for arch centers 
and beam bottoms should be 
stripped no sooner than 14 
days after concrete placement. 
On large construction projects, 
recommended times for strip- 
ping forms may be included in 
the print specifications. 
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Portland Cement Associatian 


Figure 69-26. A concrete slab may be misted with water to ensure the concrete has ad- 


equate moisture during curing. 


Portland Cement Assaciation 
Figure 69-27. Burlap sheets are wetted 
and placed over concrete slabs to ensure 
the slabs have adequate moisture during 
hydration. 


Figure 69-28. A liquid-membrane com- 
pound is sprayed onto fresh concrete to 
form a chemical barrier to prevent loss of 


moisture from the concrete. 


Partland Cement Association 


During hot weather, concrete may need to be chilled to prevent premature setting of the 


concrete. 
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any concrete structures 
are partially or com- 
pletely constructed with 
precast (prefabricated) concrete 
systems instead of cast-in-place 
Systems. 

Some precast concrete mem- 
bers, such as wall and floor sec- 
tions and beams and columns, are 
made in casting beds (forms) at 
precast plants. See Figure 70-1. 
The precast members are then 
transported by truck to a job site 
where they are placed in position 
using a crane. Precast members 
may also be site castin forms that 
are constructed on the job. Site 
cast precast members are usually - 
limited to wall and floor panels. 
Figure 70-2 shows several types EXTERNAL EDGE 
of precast structural members. VIBRATORS FORM 


Hamilton Form Company, Inc, 
Figure 70-1. Precast members may be made in casting beds at precast plants. 


Some buildings are construc- 
ted with a precast beam-and- 
column framework that may or 
may not include steel beams. One 
common type of construction is a 
steel-framed building with pre- 
cast concrete wall panels known 
as curtain walls. Precast compo- 
e d or nents are also used for sections 
In the pretensioning process, rebar and high-tensile steel irs ende TUN of buildings that have an unusual 


sheathing are placed and secured in forms prior to concrete being placed. The steel or complex architectural design. 
tendons are stretched and concrete is placed into the form. See Figure 70-3. 
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Precast Concrete Structural Members - 
Figure 70-2 m 
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Figure 70-3. Precast components are used for sections of a building with a complex 
architectural design. 


= Association (NPCA) is a trade 


Precast members are raised and 
placed in position by crane. Bolts, 
clips, or other inserts are pro- 
vided for the crane attachment. 
Hollow-core precast units, which 
combine strength with light 
weight, are quicker and easier to 
install. See Figure 70-4. 

After the precast members 
are set in position and properly 
braced, various methods are 
used to connect the members. 
Most methods involve bolting or 
welding the members together. 
For example, the bottom ofa col- 
umn may have a metal anchor 
that fastens to bolts which were 
set in the foundation footing 
when the concrete was placed. 
Other examples are shown in 
Figures 70-5 and 70-6. 


The National Precast Concrete 


association representing 
manufacturers of plant-produced 
concrete products and suppliers 
of the raw materials. The NPCA 
provides technical and production 
information about precast concrete. 


PRESTRESSED CONCRETE 


Prestressed concrete is precast 
concrete in which internal stress 
is introduced into the concrete 
to place it in a high state of com- 
pression. The internal stresses 
are placed on the concrete with 
high-tensile steel tendons (ca- 
bles). Additional reinforcement 
with rebar may not be required. 
Prestressed concrete members 
have a greater resistance to 
lateral pressures than conven- 
tional reinforced members. As 
a result, lighter structural mem- 
bers can be used. 

Two methods used to prestress 
concrete are pretensioning and 
post-tensioning. Pretensioning 
is commonly done in precast 
plants. Post-tensioning is more 
common with site cast precast 
members. 
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In the pretensioning process, 
the high-tensile steel tendons 
are placed in casting beds. The 
tendons are then stretched to 
the prescribed tension using 
powerful pretensioning jacks. 


Figure 70-5 
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Tension bars are welded to short lengths 


is filled with nonshrink grout. 
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Connection Methods 


BEARING 


of angle iron. The void between beam ends 


See Figure 70-7. Concrete is 
then placed in the casting beds. 
The concrete bonds to the ten- 
dons as it hardens. When the 
concrete has set to its specified 
strength, tension on the tendons 


STEEL TUBES 
IN BEAMS 


COLUMN 


CONNECTION 


in beam. Tubes are later filled with grout. 


TO TENSION BAR END 


STEEL BARS 
EMBEDDED 
IN CONCRETE 


Steel bars projecting from precast concrete 


pr c Column tensioning mechanism tensions 
column slip into matching steel tubes cast 


beam bar after nonshrink grout has been 
Burr between the column and beam 
end. 


is released. The backward pull of 
the tendons places the concrete 
under compression. See Figure 
70-8. The compressive force 
adds considerable strength to 
the concrete member. As a re- 
sult, prestressed concrete beams 
and floor slabs can support 
heavier loads and have greater 
resistance to lateral pressure. 
In the post-tensioning pro- 
cess, flexible metal or plastic 
ducts are placed in casting beds 
and concrete is placed around 
them. The ducts create hollow 
openings along the length of 
the concrete member. Tendons 
are then fed through the ducts. 
When a precast member is 
placed in position at the job site, 
the tendons are tensioned to the 
specified level and anchored. 
In some cases, the tendons are 
placed through ducts in adjoin- 
ing structural members to tie the 
precast members together. 


WASHER WELDED 


BAR 
CONNECTOR 


COLUMN 
BEARING 
ANGLE 


FILL VOID WITH 
NONSHRINK GROUT 


COLUMN 
TENSIONING 
CONNECTION 


Figure 70-5. Precast beams are attached to columns using welded angle, doweled, or column tensioning connections. 


Precast Concrete Floor Connectors. 
Figure 70-6 
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Figure 70-6. Precast beams are commonly welded to precast floor slabs using weld- 
ing angles or connection plates. 
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Portland Cement Associotion 
Figure 70-7. Pretensioning jacks are used 
to stretch the cables extending from a 
precast structural member. 


Figure 70-8 
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IS STRETCHED 


CONCRETE BEAM 
REMOVED FROM 
CASTING BED . 


INTERNAL 
EOE CABLE 


Figure 70-8. In pretensioning, the tension of the tendons places the concrete member 
under compression. 


TILT-UP CONSTRUCTION 


Tilt-up construction is a method 
of precast construction in which 
structural members (usually 
walls) are cast horizontally at a 
location adjacent to their even- 
tual final position. Tilt-up mem- 
bers are usually constructed in 
casting panels on a floor slab 
and then raised in place by 
crane. Walls may be cast outside 
the building on a temporary 
concrete slab, wood platform, 
or well-compacted fill. Tilt-up 
construction is commonly used 
in one- and two-story buildings, 
although higher structures can 
also be erected using the tilt-up 
method. 

Tilt-up formwork consists 
mainly of 2" thick edge forms 
fastened to the slab. A tradition- 
al method of securing the edge 
forms consists of flat planks 
bolted or pinned down behind 
the edge form. See Figure 70-9. 
Short 1 x 4 or 2 x 4 braces secure 
the top of the edge forms to the 
flat planks. Another method of 
securing edge forms involves the 
use of triangular plywood brack- 
ets nailed to short 2 x 4 pads 
secured to the slab or triangular 
metal brackets fastened directly 
to the slab. The basic procedure 
for forming and raising tilt-up 
members is as follows: 

1. Casting beds for wall pan- 
els are formed directly on 
the floor slab or adjacent to 
their final position. When 
forming tilt-up members on 
a concrete slab, two coats of 
bond-breaker liquid are ap- 
plied to the slab to prevent 
precast wall panels from 
sticking to it. 

2. Vertical and horizontal rebar 
are set in place. Horizontal 
rebar should extend at least 
12" beyond the edges of the 
panels if columns will be 
cast in place between the 
wall sections after they 
have been raised. 

3. Steel-framed or wood bucks 
are placed for door and win- 
dow openings. 
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4. Electrical conduit and outlet 
boxes are set in place. Inserts 
for the crane attachment are 
also provided. 

5. Concrete is placed in the cast- 
ing beds, vibrated for proper 
consolidation, and worked to 
the desired finish. 

6. After the concrete has 
hardened and reached the 
proper strength, the pre- 
cast wall panels are raised 
by crane and maneuvered 
over the wall footings. See 
Figure 70-10. Once the 
wall panels have been set 
in position on the footings, 
the panels are secured in 
position with temporary 
braces. See Figure 70-11. 


Structural Connections 


Tilt-up wall panels are se- 
cured to the floor slab and 
foundation after they have 
been raised. One method to 
secure tilt-up wall panels is to 
rest the ends of the panels on 
grout pads placed at intervals 
on the foundation footings. The 
grout pads are placed to level 
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the wall. The space between 
the bottom of the wall and the 
footing is then filled with grout. 
Rebar protruding from the wall 
are tied to rebar extending from 
the concrete floor slab that has 
been placed to within a few feet 
ofthe foundation wall. The area 
between the foundation wall 
and floor slab is then filled with 


concrete. 


ECO-Block, LLC 
Figure 70-10. A tilt-up wall section is care- 
fully lifted into position. Note the braces 
attached to the face of the wall. The braces 
will be secured to the floor slab when the 
wall section is in position. 


Another method to secure a 
tilt-up wall panel to the founda- 
tion is to set the bottom of the 
wall in a keyway provided at the 
top of the foundation footing. A 
foam backer rod is placed in the 


ECO-Block, LLC 
Figure 70-9. The form for this tilt-up wall section consists of 2 x 6s set on edge 
and resting against the concrete slab. Other 2 x 6s are fastened to the slab to se- 
cure the bottom of the form planks in position. Short pieces nailed to the top of 
the form and to the flat 2 x 6s will be installed to brace the top of the form. Rebar 
and lifting inserts are in position. The inserts will later receive bolts that secure 
the lift plates to the wall. 


keyway before raising the tilt-up 
wall panel to prevent moisture 
from seeping between the wall 
panel and footing. See Figure 
70-12. The space between the 
edge of the keyway and wall 
panel is then filled with grout. 


Figure 70-11. As wall panels are raised, 
temporary braces are secured at the lower 
ends. Braces remain in position until all 
panels are in place and roof girders and 
beams are set in position. 


Figure 70-12. The bottom of a tilt-up 
wall panel may be placed in a keyway 
in the footing. A backer rod positioned 
under the wall panel prevents moisture 
from seeping between the wall panel 
and footing. 


Columns or chord bars may be 
used to tie together the vertical 
edges of wall panels. Cast-in-place 
columns that required a form to be 
built between the wall panels were 
common in early tilt-up construc- 
tion. Contemporary designs use 


independent precast columns 
or columns cast monolithically 
with the walls. See Figure 70-13. 
Independent precast columns 
are formed with oversized re- 
cesses that accommodate the 
wall panel edges. Welding plates 
are used to secure the walls to 
the columns. When columns 
are cast as part of the wall 
panel, one half of a column is 
formed at both ends of each 
panel. The half columns at 
the panel ends are then joined 
with welding plates after the 
panels have been raised. 

Columns are not required 
when using chord bars. The 
chord bars extend horizontally 
through the wall panels, and 
small pockets around the ends 
of the bars are blocked out when 
forming the panel sections. The 
bars are spliced and welded to- 
gether after the walls have been 
raised, and the pockets are filled 
with concrete. 

The second floor of atwo-story 
tilt-up building is usually cast- 
in-place, requiring the construc- 
tion of a suspended floor slab 
form. Other methods include 
wood or metal floor joists, or 
trusses supported by steel brack- 
ets and angles secured to the 
walls. Roofs of tilt-up structures 
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Steel columns and open-web steel roof trusses are commonly combined with precast 
exterior walls. 


are framed with open-web steel 
joists, glulam timbers, or trusses 
and sheathed with plywood, OSB, 
or other approved material. 


LIFT-SLAB 
CONSTRUCTION 


Lift-slab construction combines 
precast concrete or steel col- 
umns with floor slabs cast on 
the job site. After the foundation 
work has been completed and 
the ground floor slab has been 
placed, columns extending the 
entire height of the building are 
set up. On very tall structures, 
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Figure 70-13. Tilt-up wall sections are tied together with columns or chord bars. 
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the columns cannot be set up for 
the entire height of the building 
at one time; therefore, columns 
are erected in sections as the 
floors are being raised. 

Floor slabs for a lift-slab 
building are stack-cast (cast 
directly on top of each other). 
Resin-type bond-breaking com- 
pounds are applied between the 
slabs. Slab thicknesses vary from 
7" to 10”, depending upon span 
and load conditions. Maximum 
slab strength can be attained by 
post-tensioning the slabs after 
they have hardened. 


WITH CONCRETE 


CHORD BARS 
CONNECTED WITH 
ANGLE IRON 


WALL PANELS TIED 
TOGETHER WITH 
CHORD BARS 
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Hydraulic jacks are placed at 
the top of each column. Lifting 
rods extending from the jacks are 
connected to lifting collars that 
have been placed in the slabs 
around the columns. The lifting 
jacks are connected to a central, 
electrically controlled console 
that simultaneously operates all 
the jacks within a !4" tolerance. 
Normal lifting rates are 7’ to 10’ 
per hour. Figure 70-14 reviews 
the general procedure for con- 
structing a lift-slab building. 

On smaller buildings, the 
roof slab is usually lifted to its 
final position first. The lifting 
sequence that follows varies ac- 
cording to the building height. 
For column stability, several 
stacked layers may be raised to 
a higher floor level. 

To secure the floor slab in 
the proper position, steel shear 
bars may be inserted through 
the columns and under the slab 
after the slab has been elevated 
to its final position. Shear bars 
are designed to provide a per- 
manent attachment between the 
slab and column. When steel 
columns are used, the floor slab 


Quick Quiz? 


Refer to the Interactive CD-ROM for the Quick Quiz? questions related to section content. 
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may be secured in position by 
welding a steel collar under the 
slab to the steel column. After 
the slabs have been permanently 
attached to the column, gaps 


. Figure 70-14 
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between the slab and the column 
are filled with grout. Exterior 
walls in lift-slab construction are 
curtain walls of various materials, 
usually metal. 


Lift-Slab Construction General Procedures  — 
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Figure 70-14. Floor slabs for a lift-slab building are stack-cast and raised into posi- 


tion with lifting jacks installed at the tops of the columns. 
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Aluminum 
Anchor Bolt 
Asphalt Tile 

At Finished Face 
Basement 
Bathroom 
Bathtub m 
Beam ` 
Bedroom 
Benchmark 
Block 

Board poe 
Building 
Building Line 
Cabinet 
Casement 
Cedar — 
Ceiling 

Cement 
Center 


Centerline 
EU 
Closet | : 
Column 
Concrete 
Concrete Block 
Cornice " 
Corrugated. 
Detail 
Diameter 
Dining Room — . 
Dishwasher — 
Deor ^ 4 
Dormer 
Double-Hung Window 
Douglas Fir : 
Downspout ' 
Drain 
Drywall 
East 
Electric — 
Elevation 
Excavate 
Exterior 
Face Brick 
Fill 
Finish 
Finish Floor 
Fireplace 
Fireproof _ 
Fixture 


BM 
BLK 

BD x4 
BRK LS. 
BL or BLDG 
BL 

CAB. 

CSMT 

CDR 

CLG 

CEM 

CTR RUM 
em 
CHM 

CLO 

COL 

CONC 
CONC BLK 


DET or DTL 
D or DIA 
oe 


FNSH 
FNSH FL 
FP 
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Foundation — 


Flashing 
Floor x 
Footing . . 


Furnace 
Gauge 
Galvanized Iron. 
Girder jn 
Glass 

Grade 

Ground 
Gypsum Board 
Hardboard 
Hardwood 
Head 

Heat 

Hose Bibb 
Insulation 
Interior 

Jamb 

Joist 

Kitchen. 
Laundry 
Lavatory 

Light 

Linen Closet 
Linoleum 
Living Room. i : 
Louver ` 
Medicine Cabinet 
Metal 


Noncombustible E 


North. 

On Center 
Opening 
Overhang 
Overhead Door 
Panel | 

Partition 

Plate 

Plywood 

Porch e 
Pressure-Treated 
Rafter 
Redwood 
Refrigerator _ 
Reinforced — 
Reinforcement Bar 
Retaining Wall 
Ridge 

Riser 

Roof 


ABBREVIATIONS 


FL 


- FDN 


FURN 
GA 

Gl 

GDR 
SES 
Gu 
GND or GRD 
GYP BD 
HBD. 


-HDWD ` 


HD 

H or HT 

HB 

INS or INSUL 
INT .— 

JB or JMB 
JorJST 
KorKIT. 
LAU 

LAV 

LT 

LC or LCL 
LINO 

LV or LVR 
MC 

MET. or MTL 
NCOMBL . 


i 


oc 
OPNG 


REF 
REINF 
REBAR 
RW 
RDG 

R 
F 


Rough Opening 


Roof Drain 
Roofing 


Screen 

Sewer 

Shake 
Sheathing — . 
Sheet Metal - 
Shingle . : 
Shower |. 
Siding i 
Cie, 
Sink ` 
Skylight — 
Sliding Door 
Soffit 

Soil Pipe 
Solar Panel 
South 

Stack Vent 


Steel - 


Stone 

Street — 
Tongue-and-Groove 
Top of Concrete 
Top Hinged 

Top of Slab 

Top of Steel 
Typical 
Unexcavated 
Utility Room 
Vent. 

Ventilation 
Vent Stack 

Vinyl Tile 
Washing Machine 
Water 
Waterproof ’ 
Water Closet 
Water Heater 
Welded Wire Reinforcement 
White Pine 

Wide Flange 
Window 

Wood 

Wood Blocking 
Yellow Pine — 


SLDR . 

SF or SOF 
SPLIT 
SLR PAN. 
= 

sv 


VENT. 
ae 
VA TILE 
WM 


DECIMAL EQUIVALENTS OF AN INCH 
Fraction Decimal Fraction Decimal | Fraction Decimal | Fraction Decimal 


DECIMAL AND METRIC EQUIVALENTS 


Decimal | 
Fractions : | 


d 1 + Millimeters 
Inches 
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10 94s 
1078 
1016 
11 


11 ^e 
11% 
11%6 
11% 
11%6 
11% 
1176 
11% 
11%6 
11% 
111%s 
11% 
11346 
11% 
11546 


12 


0.6719 
0.6771 
0.6823 
0.6875 
0.6927 
0.6979 
0.7031 
0.7083 
0.7135 
0.7188 
0.7240 
0.7292 
0.7344 
0.7396 
0.7448 
0.7500 


0.7552 
0.7604 
0.7656 
0.7708 
0.7760 
0.7813 
0.7865 
0.7917 
0.7969 
0.8021 
0.8073 
0.8125 
0.8177 
0.8229 
0.8281 
0.8333 


0.8385 
0.8438 
0.8490 
0.8542 
0.8594 
0.8646 
0.8698 
0.8750 
0.8802 
0.8854 
0.8906 
0.8958 
0.9010 
0.9063 
0.9115 
0.9167 


0.9219 
0.9271 
0.9323 
0.9375 
0.9427 
0.9479 
0.9531 
0.9583 
0.9635 
0.9688 
0.9740 
0.9792 
0.9844 
0.9896 
0.9948 


1.0000 — 


ENGLISH-TO-METRIC CONVERSION 
Quantity To Convert : Multiply by 
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WESTERN WOOD PRODUCTS ASSOCIATION FRAMING GRADE LUMBER 


Structural Light 
Framing (SLF) 
(2 x 2 through 4 x 4) 


Light Framing (LF) 
(2 x 2 through 4 x 4) 


Stud 


(2 x 2 through 4 x 18) 


Structural Joists 
and Planks (SJ&P) 


(2 x 5 through 5 x 18) 


Structural Decking 
(2 x 4 through 4 x 12) 


a Pe. ley 


Machine Stress- 
Rated (MSR) 


Select Structural 
No. 1 


No. 2 
No. 3 


Construction 
Standard 
Utility 


Stud 


Select Structural 
No. 1 

No. 2 
No.3 


Selected Decking 


Commercial Decking 


dest. 


2850 Fb-2.3E 
2700 Fb-2.2bE 
2550 Fb-2.1E 
2400 Fb-2.0E 
2250 Fb-1.9E 
2100 Fb-1.8E 
1950 Fb-1.7E 
1800 Fb-1.6E 
1650 Fb-1.5E 
1500 Fb-1.4E 
1450 Fb-1.3E 
1350 Fb-1.3E 
1200 Fb-1.2E 
900 Fb-1.0E 


TIMBER GRADES 


Structural applications where high-strength 
design values are required in light framing 
sizes. 


Basic framing lumber for wall framing, plates, 
sills, cripple studs, blocking, and similar 
applications. 


All-purpose grade designed primarily for stud 
uses, including load-bearing walls. 


Intended for engineering applications for lumber : 
5" and wider, such as joists, rafters, headers, © 
beams, trusses, and general framing. 


Used where the appearance of the best face 
is of primary importance. 


Customarily used when appearance is not 
of primary importance. 


Primarily used for trusses, but is also used for 
structural purposes where assured strength 
capabilities are required, such as rafters and 
floor and ceiling joists. 


Beams and Stringers 
(5” and thicker, width 
more than 2" greater 
than thickness) 


Post and Timbers 
(5” x 5" and larger, 
width not more than 
2" greater than 
thickness) 


DLL Ir EU. E 


* Douglas fir or Douglas fir-larch 


only 


Dense Select Structural* i 


Dense No. 1* 
Dense No. 2* 
Select Structural 


TUO N AI e AA 


Dense Select Structural* 


Dense No. 1* 
Dense No, 2* 
Select Structural 
No. 1 

No. 2 


MORE ORARE NUR S IRIS 


53.00 & 170.00 

53.00 & 170.00 

53.00 & 170.00 
70.10 
70.11 


70.12 


53.00 & 170.00 


53.00 & 170.00 
53.00 & 170.00 
80.10 
80.11 
80.12 


Designed for beam and stringer uses when 
sizes larger than 4” nominal thickness are 
required. 


Designed for vertically loaded applications 
where sizes larger than 4” nominal thickness 
are required. 
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WESTERN WOOD PRODUCTS ASSOCIATION 
APPEARANCE LUMBER GRADES 


HIGH-QUALITY APPEARANCE GRADES 


* Includes Finish, Paneling, Ceiling, and Siding grades. 
T West Coast Lumber Inspection Bureau's West Coast Lumber Standard Grading Rules 
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SOUTHERN FOREST PRODUCTS ASSOCIATION 
. FRAMING LUMBER GRADES... 


Grade _ Grade Characteristics a and Applications 


(Sys ien High quality, niinus e of characteristics which 
SHA zan eal ^ impair strength or stiffness. Recommended for 


applications where high strength, stiffness, and ood | 
Nondense Select Structural* Be recrance are n 3 ; g 


No. 1 Dense* < Recommended for general utility and construction . i 
No. 1 *- where high strength, stiffness, and good appearance - 
No. 1 Nondense* . are desired. 

No. 2 Dense* Recommended for most general construction 

No. 2 applications where moderately high design values 

No. 2 Nondense* are required. Allows well-spaced knots of any quality. } 
No. 3 Assigned design values meet a wide range of design 


requirements. Recommended for general construction 
applications where appearance is not a controlling 

© factor. Many pieces included qualify as No. 2, except : 
for a single limiting characteristic. : 


Stud Suitable for stud applications including use in load- ` 
bearing walls. Composite of No. 3 strength and No. 1 
nailing edge characteristics. 

Construction (2" to 4” wide n general framing applications. 

only)* Good appearance, but graded primarily for strength 
and serviceability. 


Standard (2" to 4" wide only)* RECETTE TES for general framing applications. 
Characteristics are limited to provide good strength 
and serviceability. 


Utility (2" to 4" wide only)* Recommended where a combination of economical _ 
construction and good strength is desired. Used for ` 
applications such as studs, blocking, plates, 
bracing, and rafters. 


PESE a H Usable lengths suitable for bracing, blocking, 
bulkheads, and other utility purposes where strength 
and appearance are not gontcllng factors. 


Grade Characteristics 


Grade and Applications 
mente SESS en Recommended dne high strength, Eram es 
Select Structural good appearance are desired. 
No. 1 Dense No. 1 and No. 2 are similar in appearance to 7 
No. 1 corresponding grades of 2" thick Dimension Lumber. 
No. 2 Dense Recommended for general construction applications. 
No. 2 I 
No. 3 i i p Nonstress rated, but economical for general 


construction applications such as blocking and fillers. . 


Grade Characteristics. 


Grade | and Applications 
2700f-2.2E Mene that SS been evaluated m Pemanis 
2550f-2.1E stress-rating equipment. MSR lumber is distinguished 
2400f-2.0E from visually stress-graded lumber in that each piece . 
2250f-1 9E is nondestructively tested. MSR lumber is also i 
2100f-1 "BE required to meet certain visual grading requirements. . 
1950f-1.7E 
1800f-1.6E 
1650f-1. E 


* Most mills do dm qe meum all products and m all "d crm 
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...SOUTHERN FOREST PRODUCTS ASSOCIATION 
FRAMING LUMBER GRADES 


MACHINE-EVALUATED LUMBER (MEL) 


FINISH 


FLOORING, DROP SIDING, PANELING, 
CEILING AND PARTITION, OG BATTS, BEVEL SIDING, 
MISCELLANEOUS MILLWORK 
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NOMINAL AND MINIMUM DRESSED SIZES OF BOARDS, 
DIMENSION LUMBER, AND TIMBERS 


| THICKNESS | i WIDTH 


| Minimum Dressed. Minimum Dressed 
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i s dil aL EE 


PLDI ee POLED CREE 


A 


Panel Type and Trademark 


APA Rated Sheathing 


APA Structural 1 
Rated Sheathing 


APA Rated Sturd-I-Floor 


APA Rated Siding 


nel 


APA A-A 


[A-A * G-1 * EXPOSURE 1-APA * 000 * PS1-95| 


APA A-B 
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APA 


THE ENGINEERED 
WOOD ASSOCIATION 


RATED SHEATHING 


40/20 19/32 INCH 


SIZEO FOR SPACING 
EXPOSURE 1 
—— 000 ——— 


PS 2-92 SHEATHING 
PRP-108 HUO-UM-40 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


RATED SHEATHING 
STRUCTURAL I 


32/1 15/32 INCH 


SIZEO FOR SPACING 
EXPOSURE 1 


i 


PS1-95 €-D PRP-108 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


RATED STURO-I-FLOOR 
24 oc 23/32 INCH 
SIZEO FOR SPACING 
TAG NET WIDTH 47-1/2 
EXPOSURE 1 
——. 000 __. 


PS 2-92 SINGLE FLOOR 
PRP-108 HUO-UM-40 


APA 


THE ENGINEEREO 
WOOO ASSOCIATION 


RATED SIDING 
24 gc 19/32 INCH 


SIZED FOR SPACING 
EXTERIOR 


PRP-108 HUD-UM-40 


APA 


THE ENGINEEREO 
WDDD ASSOCIATION 


RATED SHEATHING 
24/16 7/16 INCH 


SIZEO FOR SPACING 
EXPOSURE 1 


PRP-108 HUO-UM-40 


e 
e 
Qa 


APA 


THE ENGINEEREO 
WOOD ASSOCIATION 


RATED SHEATHING 
32/1 6 15/32 INCH 


SIZED FOR SPACING 
EXPOSURE 1 


—— 00 ——— 

STRUCTURAL | RATED 

DIAPHRAGMS-SHEAR WALLS 
PANELIZEO ROOFS 
PRP-108 HUO-UNM-40 


APA 


THE ENGINEERED 
WDDD ASSOCIATION 


RATED STURD-!-FLODR © 


20 oc 19/22 INCH 
SIZED FOR SPACING 
TAG NET WIDTH 47-1/2 
EXPOSURE 1 


PRP-108 HUO-UM-40 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


RATED SIOING 
S05 See INCH 
16 o¢ GROUP 1 
SIZED FOR SPACING 
EXTERIDR 
c— —3 fj -——-———34 


P$1-95 PRP-108 
FHA-UM-40 


DEMARK 


«EC 


AC I ad mm 
v MR 


1 IJGUUH 


Si. 


KIT 


and Thickness 


Specially designed for subfloor and wall and roof sheathing. Also 
good for broad range of other construction and indusiriai 
applications. Can be manufactured as OSB, plywood, or a 
composite panel. Bond Classifications: Exterior, Exposure 1, 
Exposure 2. Common Thicknesses: s, %, “Ac, 15/52, Vo, 19/52, 54, 
93/50, 9/4. 


Unsanded grade for use where shear and cross-panel strength 
properties are of maximum importance, such as panelized roofs 
and diaphragms. Can be manufactured as OSB, plywood, or a 
composite panel. Bond Classifications: Exterior, Exposure 1. 
Common Thicknesses: 9e, 9/s, "As, 19/52, V2, 19/52, 9/5, 342, Ya. 


Specially designed as combination subfloor-underlayment. Provides 
smooth surface for application of carpet and pad and possesses high 


. concentrated and impact load resistance. Can be manufactured as 


OSB, plywood, or a composite panel. Available square edge or 
tongue-and-groove. Bond Classifications: Exterior, Exposure 1, 
Exposure 2. Common Thicknesses: 1%2, 54, 2945, 34, 1, 1%. 


For exterior siding, fencing, etc. Can be manufactured as plywood, 

as a composite panel, or as an overlaid OSB. Both panel and lap 
siding available. Special surface treatment such as V-groove, : 
channel groove, deep groove (such as APA Texture 1-1 1), brushed, - 
rough sawn, and overlaid (MDO) with smooth- or texture-embossed 
face. Span rating (stud spacing for siding qualified for APA 
Sturd-I-Wall Applications) and face grade classification (for veneer- 
faced siding) indicated in trademark. Bond Classification: Exterior. 
Common Thicknesses: 112, 96, Ac, 15/55, Ve, 19/52, Ss. 


"ANE 
SANDE 


Description, Bond Classification, and Thickness 


Use where appearance of both sides is important for interior 
applications such as built-ins, cabinets, furniture, partitions; and 
exterior applications such as fences, signs, boats, shipping 
containers, tanks, ducts, etc. Smooth surfaces suitable for painting. 
Bond Classifications: Interior, Exposure 1, Exterior. 

Common Thicknesses: 14, 12, W, 132, Vo, 19/55. I, Bho, Sf, 


For use where appearance of one side is less important, but where . 
two solid surfaces are necessary. Bond Classifications: Interior, 
Exposure 1, Exterior. Common Thicknesses: Va, 'Va2, Ya, 15/55. Vo, 19/55. 
e, ao, 3/4, 


.. APA TRAD 


Panel Type and Trademark 


APA A-C 


APA A-D 


Yih dianat 


APA B-B 


TENA 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


A-C anouP ; 
EXTERIOR 


—— 000 —— 


P$ 1-95 


APA 


THE ENGINEEREO 
WOOO ASSOCIATION 


A-D onoo: 
EXPOSURE 1 


—— 000 —— 


PS 1-95 


|B-B + G-2* EXT-APA * 000 * PS1-95 


APA B- 


APA B-D 


APA Underlayment 


APA C-C Plugged 


APA C-D Plugged 


APA 


THE ENGINEEREO 
WOOO ASSOCIATION 
o €—€——Ó 


B-C seoup : 
EXPOSURE 1 


APA 


THE ENGINEERED. 
WOOO ASSOCIATION 


B-D snoup2 
EXPOSURE 1 


—— 000 ——— 


P$ 1-95 


| 


APA 


THE ENGINEEREO. 
WOOO ASSOCIATION 


UNGERLAYMENT 
GROUP 1 
EXPOSURE 1 


—— 000 —— 


?51.95 


APA 


THE ENGINEEREO 
WOOD ASSOCIATION 
£- PLUOGEO 
BROUP 2 
EXTERIOR 


—— 000 —— 


P$ 1.98 


APA 


THE ENGINEEREO. 
WOOO ASSOCIATION 


C-D PLUGGEG 
GROUP 2 
EXPOSURE 1 


—— 000 —— 


P5195 


EMA 


Description, Bond Classification, 
and Thickness 


For use where appearance of only one side is important in exterior 
or interior applications, such as soffits, fences, farm buildings, etc. 
Bond Classification: Exterior. Common Thicknesses: 1⁄4, 'V42, 9,192, 
Vo, 12, Ye, 22, 9/4. 


For use where appearance of only one side is important in interior 
applications, such as paneling, built-ins, shelving, partitions, flow 
racks, etc. Bond Classifications: Interior, Exposure 1. 

Common Thicknesses: Va, 122, Ys, 19/52, V2, 19/5, 9/s, 22, Ya, 


Utility panels with two solid sides. Bond Classifications: interior, 
Exposure 1, Exterior. Common Thicknesses: 14, 112, Ys, 19/52, Ve, 19/5. 
So, 23/55. Ya. 


Utility panel for farm service and work buildings, boxcar and truck 
linings, containers, tanks, agricultural equipment; as a base for 
exterior coatings; and other exterior uses or applications subject 
to high or continuous moisture. Bond Classification: Exterior, 
Common Thicknesses: Va, 'Vsz, Ya, 1542, V2, 19/52, Ys, 2952, Ya. 


Utility panel for backing, sides of built-ins, industry shelving, slip 
sheets, separator boards, bins, and other interior or protected 
applications. Bond Classifications: Interior, Exposure 1. 
Common Thicknesses: Va, 112, Ys, 19/52, 2, 19/55, Ye, 22, Ya. 


For application over structural subfloor, Provides smooth surface 

for application of carpet and pad and possesses high concentrated 
and impact load resistance. For areas to be covered with resilient 
flooring, specify panels with “sanded face.” Bond Classifications: 
Interior, Exposure 1. Common Thicknesses: Va, ‘V2, Y6, 19/52, Vo, 12, 
5a, 2, Ya. 2 


For use as an underlayment over structural subfloor, refrigerated or . 
controlled atmosphere storage rooms, pallet fruit bins, tanks, boxcar 
and truck floors and linings, open soffits, and other similar 
applications where continuous or severe moisture may be present. 
Provides smooth surface for application of carpet and pad and : 
possesses high concentrated and impact load resistance. For areas 
to be covered with resilient flooring, specify panels with “sanded 
face." Bond Classification: Exterior. Common Thicknesses: 12, %, 
15/49, Vo, 19/59, Ye, 80, Ya. 


For open soffits, built-ins, cable reels, separator boards, and other 
interior or protected applications. Not a substitute for Underlayment : 
or APA Rated Sturd-I-Floor as it lacks their puncture resistance. 
Bond Classifications: Interior, Exposure 1. Common Thicknesses: 

Y, 1540, Vb, 19/50, Ye, 2542, YA. 
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..APA TRADEMARKS 


T " s 5 $ 


DROPS OE IIR 


Mb Vi gro ea AREIS te ILI TEM eT LES EI 


Panel Type and Trademark 


APA Decorative A PA 
THE ENGINEERED 
WOOD ASSOCIATION 


DECORATIVE 
GROUP 1 
EXPOSURE 1 


APA High Density Overlay (HDO) 


HDO * A-A* EXT-APA * 000° PS1-95 


APA Medium Density Overlay (MDO) 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


M.D. OVERLAY 
GROUP 1 
EXTERIOR 


—— 000 —— 


PS 1-95 


| 


APA Marine 
| MARINE* A-A* EXT -APA* 000° PS1-95 | 


APA Plyform Class 


APA 


THE ENGINEERED 
WOOD ASSOCIATION 


PLYFORM 
B-B cass : 
EXTERIOR 


—— 000 ———. 
PS 1-95 


APA Plyron 


PLYRON* EXPOSURE 1* APA:000 
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ibis Agi tg tte itis om YI iPS ahs MOGI ad GORANI ut 


Description, Bond Classification, 
and Thickness 


Rough sawn, brushed, grooved, or striated faces. For paneling, 
interior accent wails, built-ins, counter facing, exhibit displays. Can 
also be made by some manufacturers in Exterior for exterior siding, : 
gable ends, fences, and other exterior applications. Use 
recommendations for Exterior panels vary with the particular product.: 
Check with the manufacturer. Bond Classifications: Interior, 

Exposure 1. Common Thicknesses: ‘Ae, %, 2, Ss. 3 


Has a hard, semi-opaque resin-fiber overlay on both faces. 
Abrasion-resistant. For concrete forms, cabinets, countertops, signs, 
and tanks. Also available with skid-resistant screen-grid surface. 
Bond Classification: Exterior. Common Thicknesses: Ys, V», Ys, 34. 


Smooth, opaque, resin-fiber overlay on one or both faces. Ideal base 


for paint, both indoors and outdoors. For exteríor siding, paneling, 
shelving, exhibit displays, cabinets, signs. Bond Classification: 
Exterior. Common Thicknesses: 1142, 9, 19/55, V2, 19/35, 4, 29/55. 3/4. 


ideal for boat hulls. Made only with Douglas fir or western larch. 
Subject to special limitations on core gaps and face repairs. Also 
available with HDO or MDO faces. Bond Classification: Exterior. 
Common Thicknesses: V4, %, 1, Ya, YA. 


Concrete form grades with high reuse factor. Sanded both faces and 
mill-oiled unless otherwise specified. Special restrictions on species. — 
Also available in HDO for very smooth concrete finish, and with 
special overlays, Bond Classification: Exterior. Common 

Thicknesses: 19/52, 54, 23/55. 3⁄4. 


Hardboard face on both sides. Faces tempered, untempered, : 
smooth, or screened. For countertops, shelving, cabinet doors, and - 
flooring. Bond Classifications: Interior, Exposure 1. Common ; 
Thicknesses: t, 54, 34. 


abbreviation: Letter or group of 
letters representing a term or 
phrase. 


abrasive cutoff saw: Power saw 
equipped with an abrasive 
blade and used to cut metal 
framing members. The fence 
is adjusted from side to side 
for angled cuts. 

abrasive paper: Paper or cloth 
with an abrasive material glued 
to one side. Used for smoothing 
wood or metal surfaces. 


abut: To join members along an 
edge or end but not overlap. 
accelerating admixture: Con- 
crete admixture that reduces 
concrete setting time and im- 
proves strength of concrete at 
an early stage. 
access flooring: Raised floor sys- 
tem used to create a chase for 
routing electrical conductors, 
computer wiring, ventilation 
ducts, and other utilities. 
acclimate: To become used to 
new climates or conditions. 
acoustical tile: Ceiling tile with 
small holes and fissures that 
act as sound traps to reduce 
the reflection of sound. 
acoustic window: Triple-pane 
windows with the inner layer 
made of laminated glass; ef- 
fective in minimizing noise 
infiltration into a building. 
active door: Door of a double 
door unit used for normal 
traffic flow. 


actual length of rafter: Length 
of a main rafter or valley jack 
rafter after it has been short- 
ened because of ridge board 
and/or rafter thickness. 


actual lumber size: Thickness and 
width of a piece of lumber after 
shrinkage resulting from drying 
and after surfacing. 

adhesive: Substance used to 
bond two surfaces together. 
Available in solid, liquid, and 
semiliquid forms. 

admixture: Substance other than 
water, portland cement, or ag- 
gregate that is added to concrete 
to modify its properties. 

aerial lift: Extendable or articu- 
lated equipment designed to 
position personnel and/or ma- 
terials in elevated positions. 

A-frame: Structure witha gable roof 
extending to the foundation to 
resemble the letter “A.” 

aggregate: Hard granular mate- 
rial, such as sand and gravel, 
that is mixed with cement to 
provide structure and strength 
in concrete. 

air compressor: Equipment used 
to compress air for pneumatic 
tools and equipment. 


air-dried lumber: Lumber that 
has been dried to an accept- 
able moisture content by being 
stacked for a period of time in 
the open air. 

air duct: Pipe, usually rectangular 
and made of sheet metal, used to 
conduct hot or cold air in heat- 
ing or cooling systems. 

air-entraining admixture: Con- 
crete admixture that pro- 
duces microscopic air bubbles 
in concrete to improve its 


workability and its resistance 
to freezing and thawing. 


air pocket: Void in hardened 
concrete caused by poor con- 
solidation when the concrete 
was placed. 


allowable span: Distance allowed 
between supporting points for 
various sizes of beams, joists, 
and roof rafters. 


alteration work: Change or ad- 
dition to an existing building. 
Also called remodeling. 

anchorage point: Device that 
provides a secure point of 
attachment for lifelines, lan- 
yards, or other deceleration 
devices. 

anchor bolt: Bolt used to secure 
sill plates, columns, and beams 
to concrete or other masonry. 

anchor clip: Strap-like device 
embedded into the top of a 
foundation wall and used to 
fasten sill plates. 


Laying Out 45° 
Angles 


A method for using a framing square 
to mark 45° angles on a wider piece 
of material. 


BLADE 


FRAMING 
SQUARE \’ 


| a is 
V^ 
" A WIDE BOARD 


Align same number mark on blade and 
tongue of square with edge of material. 
In this example, the 12" mark is used. 


Glossary and Trade Tips 793 


anchor tiedown system: Con- 
nection device used in areas 
where the most extreme uplift 
due to seismic conditions or 
high winds is anticipated. 

angle iron: Structural steel bent to 
form a 90? angle and used for 
support or fastening purposes. 

annual ring: Layer of wood seen 
in cross section ofa tree trunk 
indicating a year's growth. 

annular nail: A nail with circular 
ridges on the shank to provide 
greater holding power. 

apprenticeship: Training for a 
trade or skilled craft that re- 
quires a wide variety of skills 
and knowledge. Provided with 
instruction and on-the-job ex- 
perience in practical and theo- 
retical aspects of the trade. 

apron: Trim piece placed below 
the stool of a finished win- 
dow frame. 

arbor: Shaft on which a cutting 
tool is mounted, such as the 
blade of a circular saw. 

arc: Part ofthe circumference of 
a circle. 

arch: Curved structure designed 
to support the weight above 
an opening. 

architect: Person qualified and 
licensed to design and oversee 
construction of a building. 

archway: Passage area under an 
arch. 

areaway: Small sunken area allow- 
ing light or air into a basement 
window that is partially below 
the grade level around the build- 
ing. Also called window well. 


argon gas: Odorless, colorless 
gas inserted between panes of 
glass to reduce heat transfer. 

asphalt: Petroleum product 
obtained from crude oil. It is 
waterproof and is the basis for 
many products used for roof, 
wall, and floor covering. 

asphalt shingle: Shingle made of 
asphalt-saturated felt and sur- 
faced with mineral granules. 
Usually used as a finish roofing 
material. 
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astragal: Piece of molding 
attached to the edge of the in- 
active door of a pair of double 
doors. Serves as a stop for the 
active door. 

attic: Space between a roof and 
a ceiling. 

attic rafter vent: Foam plastic 
insert that is fit between the 
rafters or trusses in an attic to 
prevent insulation from block- 
ing airflow from soffit vents. 

awning window: Window that is 
hinged at the top and swings 
out at the bottom. 

axis: Straight line around which 
a body or member rotates. 


+ 


backed out: Refers to the back 
of casing material being hol- 
lowed out on the back side to 
give the molding flexibility, 
producing a tight fit even if 
there is unevenness between 
the jamb and the wall. 


backer block: Wood blocks used 
with wood I-joists to provide 
a flat, flush surface for attach- 
ment of top- or face-mounted 
joist hangers or other structur- 
al elements by filling the space 
between the outside edge of 
the I-joist flange and the web 
of the adjoining I-joist. 

backer rod: Cylindrical, flexible, 
closed cell polyethylene foam 
used as backing for expansion 
joint sealant or installed be- 
tween a tilt-up wall panel and 
foundation. Used to prevent 
moisture from seeping be- 
tween the adjacent members. 

backfill: Soil or gravel used to 
fill the space between a com- 
pleted foundation wall and 
the excavated areas on one or 


both sides of the wall. 


back framing: Secondary and 
nonstructural framing that 
is performed after structural 
framing is complete. Includes 
framing attic scuttles, drop ceil- 
ings, chases for utilities, etc. 

backing: 1. Pieces nailed over 
the top wall plates to provide 
a nailing surface for the edges 
of ceiling finish materials. 
2. Process of beveling each 
side of the top edge of a hip 
rafter so the ends of the roof 
sheathing will not be pushed 
up and out of line with the rest 
of the roof. 3. Pieces nailed 
between studs to provide a 
surface for fastening plumbing 
fixtures. Also, pieces nailed 
behind studs to provide a sur- 
face for corner nailing. 

back priming: Painting or treat- 
ing with a sealer the backs of 
wood siding materials before 
they are nailed to walls. 

backsplash: Pieces that extend 
up from a countertop and are 
fastened to the wall. 

balanced beam: Glulam beams 
that are symmetrical in lumber 
quality and are primarily used 
for cantilevered or continuous 
span applications where either 
thetop or bottom ofthe member 
may be stressed in tension. 

ball-bearing butt hinge: Butt 
hinge with ball bearings at the 
knuckle joints to prevent wear. 
Used most often on heavy 
doors in public buildings. 

balloon framing: Framing method 
in which studs extend from the 
sill plate to the roof. Second 
floor joists are fastened to the 
studs, but they receive their 
main support from a ribbon 
notched into and fastened to 
the studs. 

baluster: Upright piece that ex- 
tends between the handrails 
and the treads. Also called 
banister. 

balustrade railing: Railing with 
newel posts at both ends and 
balusters in between. 


bargeboard: Finish board cover- 
ing the projecting and sloping 
portion of a gable roof. 

bark: Surface covering of a tree 
trunk. Consists ofan outer layer 
of dead, dry tissue and a thin 
inner layer of living tissue. 


bark pocket: Patch of bark nearly 
or wholly enclosed in wood. 


barrel: Rounded hollow section 
located between the leaves 
of a hinge that holds the pin. 
Also called the knuckle. 


barricade: Structure set up around 
a construction job to prevent 
unauthorized persons from 
entering working areas. Cov- 
ered barricades also protect the 
public from falling objects. 


baseboard: Molding placed at 
the base of a wall and fitted 
to the floor. Also called base 
molding. 

base cabinet: Cabinet placed 
against a wall and resting on 
the floor. 


base cap: Small decorative mold- 
ing sometimes nailed at the 
top of a baseboard. 


basement: Lowest story of a 
building, which is partly or 
completely below the ground. 

base shoe: Strip of molding nailed 
at the joint between a base- 
board and the floor. 


base track: Bottom track of a 
metal-framed wall. 

batch plant: Facility where ready- 
mixed concrete is mixed to 
specification, then discharged 
into transit-mix trucks for de- 
livery to a job site. 

batten: Thin, narrow strip of lum- 
ber usually used to cover the 
joint between wider boards. 

batterboard: Level board nailed to 
stakes driven into the ground. 
String is attached to batter- 
boards to identify property 
lines, building lines, and pier 
locations. 

battered foundation: Founda- 
tion with inside sloped walls 
to provide a wide base. 


Fastening Lines to 
Batterboards 


A reliable method for preventing lines 
from moving out of their exact 
positions on batterboards. 


where lines will be stretched and 
fastened to batterboards. 


After double-checking layout, 
make 1%” deep saw cuts where 
lines are marked along outside 
edge of batterboards. Pull lines 
tight and drop lines into saw cut. 


batt insulation: Sections of fi- 
berglass material, usually 48” 
long, placed between studs. 
bay window: Window projecting 
from a wall. Creates a recessed 
area that is square, rectangu- 
lar, or polygonal in shape. 
beam hanger: Metal connector 
used to support a beam. 
beam pocket: Opening in a con- 
crete wall to receive the end 
of a wood or steel beam so the 
top of the beam is at the same 
level as the top of the wall. 


bearing pile: Pile that penetrates 
through layers of unstable soil 
until it reaches firm, bearing 
soil. 

bearing plates: Steel plates (3^ 
square) with an oblong hole 
in the middle to allow the 
plates to be adjustable in case 
an anchor bolt is not centered 
on the sill plate. Bearing 
plates significantly increase 
the strength of anchor bolt 
connections. 


bearing wall: Wall that supports 
loads from above as well as its 
own weight. 


bed molding: Molding placed over 
a frieze board and against the 
cornice soffit. May be placed 
between the rafters when the 
frieze board is notched into the 
rafters of an open cornice. 


bedrock: Solid layer of rock be- 
neath the earthen materials. 


belled caisson: Concrete caisson 
flared at its bottom to provide 
a greater bearing area. 


bents: Structural, interconnected 
system of timbers contained in 
a timber frame wall. 


berm: Raised earth embankment. 

bevel: Angled surface across the 
edge of a piece of material. 

bevel siding: Tapered siding board 
that laps over the board below. 


bibb: Threaded faucet for a hose 
attachment. 


bid: Contractor’s offer to a cus- 
tomer to perform construction 
work for a specified price. 

bi-fold doors: Pair of folding doors 
in which only one door is hung 
from the jamb. The second door 
is hinged to the first door and 
is further supported by a roller 
guide that slides along a track 
mounted to the head jamb. 


bind: To interfere with the cut- 
ting action of a saw as a result 
of wood fibers pressing against 
the blade. 

bird’s mouth: Triangular notch 
formed by the seat and heel 
plumb cut lines of a rafter 
where the lower end of the roof 
rafter fits over the top plates. 

bit: Drilling device with a screw 
point that is held in the jaws 
of a drill. 


bituminous: Containing tars, 
pitches, or asphalts. Common- 
ly used for built-up roofing or 
waterproofing. 

blank: Piece of wood that will 
produce the desired pattern of 
molding with the least amount 
of waste. 
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blanket insulation: Fiberglass or 
rock wool insulation usually 
backed by treated paper that 
serves as a vapor barrier. 

blind nailing: Driving a nail so 
its head is concealed. 

blind stop: Rectangular piece of 
molding placed toward the 
exterior of the head and side 
pieces of a window frame to 
serve as a stop for screens or 
storm windows. 


blind valley construction: Meth- 
od of building an intersecting 
roof. The main roof is sheathed 
and the intersecting roof sec- 
tion is constructed on top of 
the sheathing. Valley rafters 
are not required. 

block flooring: Small squares 
made of narrow wood strips 
held together by splines or back- 
ing material. Usually installed 
with a mastic adhesive. 


blocking: Wood piece fastened 
between structural members 
to tie together and strengthen 
the members. 


blockout: Piece placed inside a 
form to provide a small recess 
or ledge at the top of the con- 
crete wall to later support the 
end of a beam or other struc- 
tural member. 


bloodborne pathogen: Virus or 
bacteria of a disease in the 
blood that may be transmit- 
ted by another worker coming 
into contact with the infected 
worker's blood. 

blown-in blanket insulation: 
Type of loose fill insulation 
in which a retention fabric 
made of spun polypropylene 
is fastened to wall studs us- 
ing adhesive or staples before 
gypsum board or other interior 
wall covering is applied. A 
small opening is made in the 
fabric and loose fill fiberglass 
insulation is blown into the 
wall cavity. 

blue stain: Nonharmful blue-gray 
discoloration of lumber caused 
by a fungus growth on unsea- 
soned wood. 
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board: Lumber measuring no 
more than 1" thick and 4" to 
12" wide. : 

board-and-batten siding: Sid- 
ing design that features wide 
vertical boards. The joints 
between the boards are cov- 
ered with a narrow piece 
called the batten. 


board foot: Volume ofa piece of 
lumber measuring 1" x 12" x 
12" or its equivalent. 

body harness: Personal fall-arrest 
device that protects internal 
body organs, the spine, and 
other bones in a fall. 

bolt: 1. Cylindrical fastener, usually 
consisting of a piece of metal 
with a head or hooked end and a 
fully or partially threaded body. 
2. Portion ofa lockset projecting 
from a door into a jamb to hold 
the door closed. 


bond beam: Continuous rein- 
forced course of concrete 
masonry units around the top 
of masonry walls. Typically 
contains steel reinforcement 
and is filled with grout. 

bow: Distortion of a piece of lum- 
ber resulting in a curve from 
end to end across the flat plane 
of the wide side. 

bow window: Series of windows 
set in a curved bow projecting 
from the building. 

box beam: Hollow beam made 
of plywood sides nailed to 
a framework of 2 x 4 chords 
and stiffeners. 

box nail: Flat-head nailed with a 
thinner shank and head than 
a common nail. 

brace: Structural piece, either 
temporary or permanent, to 
hold members or assemblies in 
a plumb and/or fixed position. 

brad: Small finish nail ranging 
from Y" to 2" in length. 

breakback: Grooved section of 
a snap tie next to the tapered 
edge of the cone that allows 
the tie to be broken off after the 
concrete has hardened and the 
forms have been removed. 


breezeway: Roofed passageway, 
open at ends or sides, extend- 
ing from a house to a garage. 

bridging: Solid wood blocking 
or other type of wood or metal 
pieces nailed between joists 
to stiffen and hold them in 
position. 

British thermal unit (Btu): Mea- 
sure of heat transfer based on 
the amount of heat required to 
raise the temperature of 1 Ib of 
water 1?F. 

buck: Frame placed inside a con- 
crete form to provide an opening 
for a door or window. 

bucket: Large container into which 
concrete is discharged from a 
mixer or transit-mix truck. The 
bucket is then raised by crane 
and moved to a location where 
the concrete is to be placed. 

builder's level: Survey instru- 
ment used to establish and 
verify grades and elevations 
and to set up level points over 
long distances. 

building code: Set of regulations 
that establish the required 
standards for the materials and 
methods of construction in a 
city, county, or state. Building 
codes are enforceable by law. 

building envelope: Consists of 
the exterior wall finish and 
weather barrier applied over 
the wall sheathing. 

building line: Line set up on 
batterboards to represent the 
outside face of the exterior wall 
of a building. 

building paper: Asphalt-satu- 
rated felt material used as a 
moisture barrier and installed 
under siding and other exterior 
finish material. 

building permit: Permit legally re- 
quired by local or state building 
authorities for new construc- 
tion and major renovations. 

building science: Study of in- 
teraction between a building 
(including its HVAC, mechani- 
cal, and electrical systems), its 


inhabitants, and the surround- 
ing environment. Also called 
building dynamics or building 
physics. 

built-in: Refers to cabinets and 
other furniture that is built into 
the wall structure. 


built-up beam: Beam made of 
two or more members nailed 
or bolted together. 


built-up header: Header over a 
rough opening made up of 
two or more members fastened 
together. 


built-up roofing: Type ofroofing 
consisting of layers of roofing 
felt bonded together on the 
job site with hot bitumen. The 
final layer is covered with a 
layer of light-colored pebbles 
to reflect heat from the sun. 


bulkhead: Vertical piece set in- 
side a form to stop concrete at 
a certain place, thus providing 
a vertical construction joint. 

butt joint: Joint in which one piece 
butts squarely against another. 

butterfly roof: Roof with two 
sides sloping toward the cen- 
tral part of the building. 


buttress: Projecting masonry 
structure built against a wall to 
give additional lateral strength 
and support. 

bypass doors: Doors suspended 
from tracks with roller hang- 
ers, often used for closets. 
Two or three bypass sliding 
doors may be used to cover 
an opening, with the tracks 
designed to let the doors slide 
past one another. 


cabinetmaker: Person who works 
in a cabinet shop and is skilled 
in the layout and construction 
of cabinetry. 

caisson: Large cylindrical or 
box-like casing placed in the 


ground and filled with con- 
crete. Caissons have wide 
diameters and usually extend 
deeper than piles. 


callout: Note on drawing with a 
leader line pointing the related 
feature. 


camber: Slight arch in a beam 
or any horizontal structural 
member. 


cambium: Layer of tissue equal 
to a one-cell thickness and 
located between the bark and 
sapwood of a tree. 

cantilevered joist: Joist projecting 
from the wall below to support 
a floor or upper level which 
extends past the wall below. 

cant strip: Triangular piece placed 
where a flat roof deck intersects 
with a wall. Used to prevent 
a sharp angle for the roofing 
material. 


capillary action: Natural process 
in which water rises from the 
water table to the surface of 
the ground. 


capital: Flared section at the top 
ofa concrete column that helps 
support the floor slab above. 
Also called drop head. 


capture window: Part of a laser 
level detector that receives the 
laser beam from a laser level. 


carbide tip: Tungsten carbide 
metal tip that is braised to the 
end of each tooth of a circular 
saw blade and to the cutting 
edges of masonry bits to pro- 
long sharpness. 


carpenter: Professional trades- 
worker engaged in the construc- 
tion of wood and light-gauge 
steel building framework, con- 
crete formwork, and interior 
and exterior finish. 

carpenter's level: Hand tool used 
to establish level and plumb 
lines. Also called hand level. 

carport: Roofed car shelter not 
enclosed at the sides. 

casement window: Window 
hinged on one side and hav- 
ing the same swing action as 
a door. 


casing: 1. Molding that covers 
the space between finished 
door and window frames and 
the wall. 2. Steel shell driven 
into the ground or placed in a 
prebored hole to act as a form 
to receive the concrete for a 
cast-in-place concrete pile. 

casing nail: Nail with a flared 
head. Used for outside finish 
work and finish flooring. 

casting bed: System of forms and 
supports for producing con- 
crete members. 


Marking Door Side 
Casings —— 


A fast and accurate method for cutting 
pieces of side casing when several 
door openings are same height. 


* DOOR CASING 
MATERIAL 6” 
LONGER THAN 
DOOR OPENING 
HEIGHT 


Cut a 45? miter at one end of 
casing material. Length from long 
point of miter to other end of 

casing material should be about 
6" longer than door opening 


SIDE CASING 
(UPSIDE DOWN) 


Place the side piece of casing in 
upside-down position next to 
door frame. Mark side casing 
even with the upper edge of 
head casing. Square line across 
side casing and cut it to length. 
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cast-in-place pile: A pile formed 
by placing concrete into a 
steel casing that has been 
driven into the ground. 


caulking compound: Filler ma- 
terial applied at joints and 
cracks to prevent air and water 
infiltration. 

ceiling grid: Light metal frame- 
work used to support the tiles 
of a suspended ceiling. 

ceiling molding: Molding placed 
at the top of a wall close to or 
against the ceiling. 

ceiling tile: Rectangular or square 
fibrous tile used to finish 
ceilings. 

cellulose: Principal substance in 
the walls of wood cells. 


cement: Ingredient that binds 
together sand and gravel in a 
concrete mixture after water 
is added. 

center point test: Test used to 
determine the suitability of 
concrete for powder-actuated 
fasteners. 

central heating: System in which 
heat is generated from a single 
source and is distributed by 
ducts to all parts of a building. 


Finding Center Points 


ceramic tile: Thin tile made offired 
clay used as a finish material on 
floors, walls, and countertops. 


chain-of-custody: Path that raw 
materials harvested from 
Forest Stewardship Council- 
certified forests take through 
processing, manufacturing, 
and distribution until they 
are a final product and ready 
for sale to the consumer. 


chair rail: Horizontal trim mold- 
ing attached to a wall 32” 
above the floor as ornamenta- 
tion and protection against 
damage from chairs being 
pushed against the wall. 

chamfer: Cut made from the face 
to the side of a board. 

chamfer strip: Piece placed in the 
corners of beam and column 
forms to produce a beveled 
edge on the concrete member. 

channel rustic siding: Rabbet- 
ed type of board siding that 
creates a grooved channel 
effect between the boards. 

chase: Vertical enclosure within 
a structure that allows for 
placement of ductwork, pipes, 
and wiring. 


A simple and accurate method for establishing center points between walls and other 


points. 
[1] Measure from wall A and mark point X Measure from wall B same distance 
on floor at an even foot number as measured from wall (5 -0"). 


(in this example 5 -0^) close to center 


of room. 


center point. 
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| 20" ——. CENTER POINT 
| OF ROOM 


© Measure short distance between X and Y and mark 


Mark point Y on the floor. 


i ios th 
| 
| 

" 


— 5-0” FROM 
Y WALL B 
MARK 


check: Lumber defect caused by 
a lengthwise separation of the 
wood across the annual growth 
rings during seasoning. 

check rail: Bottom rail of the 
top sash of a window and top 
rail of the bottom sash. Check 
rails are adjacent to each other 
when both window sections 
are in a closed position. 


chimney: Noncombustible ver- 
tical structure surrounding 
a flue to convey smoke, flue 
gases, and fumes away from 
the combustion source. 


chord: A top or bottom member of 
a roof or floor truss. 


circuit: Conductor or series of 
conductors through which 
electrical current flows. 


circular saw: Portable power tool 
used to cut lumber to length or 
panels to length and width. 


circular stairway: Type of wind- 
ing stairway in which all 
stairs radiate from a common 
center. 


circumference: Perimeter of a 
circle. 


cladding: Exterior covering of a 
window. 


clamp: Device used to hold or se- 
cure pieces together to prevent 
movement or separation. 


clay: Fine-grained natural earth 
material that is plastic when 
wet and compact and brittle 
when dry. 

cleanout hole: Small opening 
at the base of a wall or col- 
umn form to allow debris to 
be removed. The opening is 
closed shut before concrete is 
placed. 

cleat: Narrow wood piece nailed 
across another board (or sev- 
eral boards) to strengthen it, 
or to provide support for a 
shelf or some other object. 

cleated stringer: Stringer made 
of cleats nailed to a plank. The 


cleats support the ends of the 
treads. 


climbing tower crane: Tower crane 
located within the building 


structure that can beraised with 
hydraulic jacks as the building 
increases in height. 


clinching: Process of bending over 
the points of nails that have 
been driven through boards. 

clip angle: Short L-shaped piece 
of metal (typically with 90? 
bend) commonly used as con- 
nector in metal-framed walls. 


closed finish stringer: Finish 
board nailed against the wall 
side of a stairway with its top 
edge parallel to the slope of 
the stairs. 


closed panel construction: 
Prefabricated panelized con- 
struction method in which in- 
terior and exterior wall sections 
are finished off and plumbing 
and wiring are installed at the 
manufacturing facility. 

closed railing: Stairway railing 
in which the section below the 
rail is framed in and covered 
with gypsum board, plaster, 
or paneling. 

coil tie: Device used to hold op- 
posite form walls in position, 
which consists of bolts that 
extend through the walers on 
both sides and screw into a 
coil inside the wall. 


cold bridging: Occurs when con- 
struction components (usually 
structural members or door or 
window frames), which have 
greater thermal conductivity 
than the rest of the building, 
extend from the interior face 
to the exterior face of the 
building and conduct thermal 
energy from one side of the 
wall to the other. 


cold forming: Manufacturing 
process in which light-gauge 
steel members are shaped by 
rolling or shaping the steel 
without the addition of heat. 


cold joint: Joint formed when 


concrete is placed on top of or 
next to a previous placement 
of concrete that has already 
hardened. 


A convenient guide block for table saws. In the example, a 1" chamfer strip is 
being ripped. 


E——— 3%” —————— —| 


Clamp two 2 x 4s approximately 


4" long together and mark 45? 
cut lines. Measure and mark 1^ 
square running along these 45° 
lines. 


1x1STOCK 
FED THROUGH 
GUIDE 


cur 
LÍ GUIDE 


collar tie: Horizontal member con- 
necting two opposite rafters. It 
is usually placed at every sec- 
ond or third pair of rafters. 


column: Vertical structural mem- 
ber that supports the weight of 
other members. 

column clamp: Adjustable met- 
al device used to tie together 
column forms. 


CHAMFER 
PIECES 


NAIL 
TOGETHER 


SAW KERF 
IN TOP PIECE 


RUN FASTENED | 

PIECES THROUGH SS 

SAW, CUTTING SAW KERF 
COMPLETELY THROUGH IN BOTTOM 
BOTTOM PIECE. PIECE 


CUT TWO 
PIECES 
ON LINES 
AND NAIL 
TOGETHER 


Rip two 45° cuts in the top 
and bottom pieces. Align 
the two blocks and nail 
them together. Run 
fastened blocks through 
saw so blade cuts exactly 
on vertical centerline of 
layout. Saw will cut 
completely through the 
bottom piece. 


Clamp guide block to saw 
fence so saw blade is 
aligned with vertical 
centerline and previously 
cut saw kerf. 1" x 1” 
material may now be fed 
through guide block where 
saw will rip the diagonal of 
the square piece, making 
two chamfer strips in 

one cut. 


combination blade: Multipur- 
pose blade used with power 
saws. Suitable for crosscutting 
and ripping operations. 

combustion-and-ventilation effect: 
Uncontrolled airflow created 
by wood-, oil-, or natural gas- 
burning appliances that require 
makeup air to support combus- 
tion. A draft is created by air 
being drawn into the building. 
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common length difference: 
Amount that jack rafters 
should increase or decrease 
in length when the same 
center-to-center measurements 
are maintained. 


common nail: Flat-headed nail 
used most often in rough work. 


common rafter: Rafter that ex- 
tends from the top wall plates 
to the ridge of a gable roof. 
compass direction: Direction 
based on the compass points 
north, south, east, and west. 
compensator: Part ofa laser level 
that automatically maintains 
the levelness of the laser level 
while it is being used. 
component: Construction unit 
usually preassembled before 
being set in place. 
composite panel: Engineered 
panel consisting of a recon- 
stituted wood core with a face 
and back of softwood veneer. 


compression: Stress caused by a 
squeezing together or crushing 
force. 

compression test: Quality control 
test that is used to determine 
the compressive strength of 
concrete. 


compressive strength: Greatest 
amount of compression that a 
material can withstand before 
it fractures. 

concrete: Construction material 
made of cement, sand, and 
gravel. Used for foundations, 
entire buildings, flatwork, and 
many other types of structures. 

concrete masonry unit (CMU): 
A precast block, solid or hol- 
low, used in the construction 
of walls. Also referred to as 
concrete block. 

concrete mixture: Proportions 
of cement, sand, and gravel 
in a mixture of concrete. 

concrete pour: Trade term for 
placing concrete. 

concrete pump: Pumping appa- 
ratus used to place concrete at 
a remote location. 
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condensation: Formation of 
drops of water on the insides 
of exterior walls and win- 
dows. Occurs when the warm 
moisture-laden air within the 
building comes in contact 
with the cooler surfaces of the 
exterior walls. 

condominium: Apartment build- 
ing in which each apartment 
is owned individually. 

conductance (C): Degree to which 
a nonhomogeneous material 
transfers heat. 


conduction: Movement of heat 
through a solid or liquid 
substance. 

conductivity (k): Degree to which 
a material transfers heat. 

conduit: Tuber or pipe used to 
support and protect electrical 
conductors. 


conifer: Species of softwood tree 
that bears cones and has thin, 
needle-shaped leaves. 


consistency: Wetness and flow- 
ability of concrete at the time 
it is placed. 


consolidating concrete: Work- 
ing freshly placed concrete so 
that each layer is compacted 
with the layer below and 
voids caused by water or air 
pockets are eliminated. 


construct: To build or put together. 


construction-grade screw: Self- 
tapping screw with coarser 
and more steeply pitched 
threads, commonly used to 
fasten subfloor, roof sheath- 
ing, and wall sheathing to 
framing members. 

construction joint: Joint that 
occurs between separate 
placements of reinforced 
concrete. 

contact cement: Rubber- or 
butane-based liquid adhesive 
that adheres instantly on 
contact. 

contour line: One of the lines 
drawn on a survey plan and 
some plot plans that pass 
through points having the 
same elevation on a lot. 


control joint: Groove cut into the 
surface of concrete flatwork. 
It helps to control cracking 
due to shrinkage of the con- 
crete as it hardens. 


convection: Movement of heat 
from one area to another by 
air or water. 

coped joint: Joint made by cutting 
the end ofa piece of molding to 
the shape ofthe piece it will fit 
against. A coping saw is com- 
monly used for this purpose. 

core: Innermost layer of plywood. 
It may consist of hardwood or 
softwood sawed lumber, ve- 
neer, or reconstituted wood. 


corner bead: Metal or plastic 
strip placed to reinforce the 
outside corner ofa wall with a 
drywall or plastered finish. 

corner post: Combination of studs 
or studs and blocks placed at 
the outside and inside corners 
of framed buildings. Also 
called corner assembly. 


Marking the 
Circumference ofa 
Circle 


A method for laying out large circular 
openings that may have to be cut in 
floors, walls, or roofs. 


MEASURE AND 
MARK RADIUS 


CIRCULAR PENCIL 
LINE 


CENTER 
POINT OF 
ROD 


Measure radius of circle from one 
end of wood rod and make a 
mark. Measure width of rod and 
mark the center point. 


o Tack rod at center point where 
circle is to be laid out. Hold pencil 
at other end while moving rod in 
a complete circle around the 
tacked end. 


Making 


Up Corner Posts — — 


A handy method for constructing a small number of corner posts. 


8d TOENAIL 


TWO 16d NAILS 
IN EACH 
SIDE 


ALIGN MARKS 


re 
Kgs 


Cut required number of blocks. 
Position a block slightly back from 
end of the stud. Toenail block to stud. 


Measure back a few inches from end 
of first stud. Square line across stud 
and block. Measure back the same 
distance on second stud and make 
another mark. 


Align marks on first and second 
studs, which will bring the ends into 
line. Use two 16d nails to fasten 
second stud to blocks. Turn assembly 
over and drive two more 16d nails 
through first stud and into blocks. 


AND NAIL EACH SIDE 


corner return: Trim member that 
covers the exposed grain on the 
end of the stool and apron. 


cornice: Finish applied to the 
area under the eaves where 
the roof and sidewalls meet. 


counterbore: To increase the 
diameter of a hole through 
part of its length to receive 
the head ofa bolt or nut. 
counterflashing: Flashing usual- 
ly used where chimneys meet 
the roofline. It covers the 
shingle flashing and prevents 
infiltration of moisture. 
countersink: To make a depres- 
sion in wood or metal where 
a screw or bolt is to be placed 
so that the head of the screw or 
bolt will be flush with or below 
the surface of the material. 
course: Layer or row of exterior 
finish material such as shin- 
gles, board siding, or brick. 


court: Open space partly or entire- 
ly surrounded by buildings. 

cove base: Resilient material 
placed at the bottom of a wall 
next to a floor finished off with 
resilient tiles. 

cove molding: Molding with a 
concave curve on its exposed 
side. 

crane: Machine for lifting and 
moving heavy objects by 
means of cables extending 
from a movable boom. 

crank operator: Device often 
used to open casement win- 
dows and hold them open. 

crawl space: Narrow space 
between a floor unit and the 
ground. 

crawl-space foundation: Type 
of foundation that features 
a narrow space between the 
bottom of a floor unit and 


ground. Also called base- 
mentless foundation. 


cripple stud: One of the studs 
placed between headers and 
top plates or between rough 
sills and bottom plates. 

cripple wall Used to extend the 
height of low foundation walls, 
usually for a full-basement 
house. 


critical angle: Minimum and 
maximum stairway angles for 
walking safety. 

crook: Distortion (warpage) re- 
sulting in a curve from end to 
end along the narrow edge of 
a piece of lumber. 

crossband: Veneer layers placed 
between the core and the face 
plies of plywood. 

cross beam: Slip form wall con- 
nector that ties together the 
tops of opposing yokes and 
provides a mounting surface 
for the hydraulic jacks. 

cross bridging: Pair of narrow 
wood or metal pieces set di- 
agonally between floor joists. 
They help to stiffen and hold 
the joists in position. 

crosscut blade: Circular saw 
blade with teeth that form a 
knife-like edge with a face 
bevel of 10° to 15°. It is used 
with power saws to cut across 
the grain of materials. 

crosscut saw: Handsaw with 
teeth shaped like knives and 
used to cut across the wood 
fibers and grain of the wood. 

crosscutting: Cutting with asaw 
across the grain of lumber. 


cross slope: Slope across the 
width of a sidewalk or patio 
to allow for water drainage. 


crown: Bow along the edge of a 
joist. Joists should be placed so 
that the crown is facing up. 


crown molding: Ornate molding 
characterized by a convex 
curve. Used in traditional 
roof cornice finish and at the 
top of interior walls. 
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C-shape: Light-gauge metal fram- 
ing member with a C-shaped 
Cross section and consisting of 
a web, flange, and lip. 

cup: Distortion (warpage) result- 
ing in a curve across the grain 
from edge to edge of a piece 
of lumber. 

curing concrete: Process of re- 
taining the moisture of freshly 
placed concrete to ensure 
proper hydration. 

curtain wall: Light, non-bearing 
exterior wall set into and 
attached to the steel or con- 
crete structural members of a 
building. 

custom-built house: House de- 
signed by an architect for a 
specific customer. 

cut-in brace: Older type of 
diagonal brace with pieces 
cut in between the studs of a 
wood-framed wall. 

cut-out stringer: Stringer that has 
been cut to receive all the treads 
and risers of a stairway. 

cutting plane line: Line (iden- 
tified by letters) that cuts 
through a part of a structure 
on an elevation or plan view 
drawing. It refers to a separate 
section view or detail draw- 
ing given for that area. 

cylinder: Part of a lockset that 
contains the keyhole and 
tumbler mechanism. 

cylinder knob: Doorknob that 
contains the lock cylinder. 

cylindrical lock: Bored lock 
with a cylinder that contains 
the tumbler mechanism into 
which the key fits. The cyl- 
inder is located in the knob 
section of the lock. 


dado: Groove, rectangular in 
shape, cut across the grain of 
a board. 
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dadoed stringer: Stringer with 
dadoes cut to receive and sup- 
port the ends of the treads of 
a stairway. 

dampproofing: Material used to 
prevent the passage of water 
or water vapor. 

datum point: Point of elevation 
reference, established by local 
authorities, from which other 
elevations in the area are mea- 
sured. Often referred to as the 
point of beginning (POB). 

dead bolt: Locking device con- 
sisting of a solid metal bar 
that can be thrown or retracted 
with a knob or key. Consid- 
ered a good security provision 
for any door. 


dead load: Weight of the perma- 
nent structure of a building, 
including all materials that 
make up the units for walls, 
floors, ceilings, roofs, etc. 


debarking: Process of stripping 
bark from a log. 


decay: Disintegration and break- 
down of wood caused by 
a wood-destroying fungus. 
Also called dry rot. 
deceleration device: Personal 
fall-arrest device that dissi- 
pates a substantial amount of 
energy during a fall arrest or 
limits the energy imposed on a 
worker during a fall arrest. 
deceleration distance: Additional 
vertical distance a falling work- 
er travels, excluding lifeline 
elongation and free-fall dis- 
tance, before stopping, from the 
point at which the deceleration 
device begins to operate. 
decibel (dB): Unit used to mea- 
sure sound intensity. 
deciduous: Tree species that 
shed their leaves during the 
fall and remain leafless until 
the following spring. 
deflection: Amount of bending 
that occurs in a wood member 
subjected to a load or stress. 


Using Supporting Device for Starting Nails in 


Wood Cross Bridging 


A helpful device for starting nails in cross bridging when large quantities are 


prepared for nailing between joists. 


= 


C 


IN HALF 


PIECE OF CROSS 
BRIDGING 


NAILING 
SUPPORT 


Nx 


ROSS BRIDGING 


PIECE OF CROSS 
BRIDGING CUT 


Cut piece of cross 
bridging in half and nail 


angled cut end to base 
piece. 


Rest piece of cross 
bridging against nailing 
Support that is nailed to 
base piece. Start nails in 


end of piece. Turn piece 
over and start nails in 
other end. 


degree: Unit by which angles are 
measured. 

derrick: Hoisting equipment 
that consists of a vertical mast 
and swinging boom to which 
cables are attached. 

detail: In prints, an enlarged pic- 
ture of a part of the structure 
that cannot be adequately ex- 
plained in more general plan 
or elevation view drawings. 

detector: Device that serves as 
a target for laser beams from 
laser levels. Also called sen- 
sor or receiver. 


dew point: Temperature at which 
condensation occurs in a 
given area. 

diagonal brace: Brace placed 
in a framed wall to increase 
lateral strength. 


dimension: Measurement; the 
distance between two points. 

dimension lumber: Includes 
products that are 2” to 4” 
thick by 2” and wider and 
includes studs, joists, planks, 
roof rafters, trusses, and other 
components that form the 
framework of a building. 

dimple: Slight depression made 
by a hammer head when it is 
used to drive nails into gyp- 
sum board. 


dome: Curved roof structure simi- 
lar in appearance to one-half of 
a sphere. 

dome form: Dome-shaped sections 
used for constructing waffle slab 
forms. Also called pans. 

door closer: Device mounted on 
a door and its jamb to return 
the door to a closed position. 
It controls the speed and also 
prevents the door from slam- 
ming. Also called door check. 

door hand: Direction in which 
a door swings. 

door header: Wood member placed 
across the top ofa rough door or 
window opening in a framed 
wall. It supports the weight from 
structures above the opening. 
Also called lintel. 


door holder: Device fastened near 
the bottom ofa door to hold the 


door in an open position. 


door pull: Metal handle, not part 
of a lock, used to pull open a 
door. 


door stop: Narrow piece nailed 
to anonrabbeted door jamb to 
stop and hold the door in posi- 
tion when the door is closed. 


dormer: Shed or gable framework 
projecting from the side of a 
roof to add light, ventilation, 
and space to an attic area. 


double-acting floor hinge: Self- 
closing hinge which also 
allows a door to swing in 
both directions. The hinge 
mechanism fits into a notch 
at the bottom of the door. 


double coursing: Shingles applied 
in two layers to a sidewall. 

double-hung window: A window 
unit with upper and lower 
sash sections that move up 
and down. 

double-ply application: Double 
layer of gypsum board ap- 
plied to a wall. 


doubler plate: Horizontal plate 
nailed to the upper surface 
of the top plate of a wood- 
framed wall. It strengthens 
the load-bearing capacity 
of the upper section of the 
wall. Also called cap plate. 
Together, the doubler plate 
plus the top plate are called 
a double top plate. 


double-shear joist hanger: Metal 
joist hanger that provides 
greater strength than standard 
joist hangers. Includes dim- 
ples or domes to guide nails 
through joists and supporting 
member at a 45° angle, result- 
ing in a stronger connection. 

doubling up walls: Trade term 
for placing the second (oppo- 
site) wall of a concrete form. 

dovetail joint: Wood joint similar 
to a mortise-and-tenon joint 
except that its interlocking 
parts are narrower at the heel. 


Dividing Material 
into Two Equal 
Parts 


A method for dividing a piece of 
material into two equal pieces. In this 
example, a 312” wide board is used. 


MARK HERE 
(ONE-HALF 
THE WIDTH) 


Hold rule to one edge of material 
at point A. Slant rule so a number 
that can be divided by two (in this 
example, 4) is even with the 
opposite edge at point B. 


Make a pencil mark on the board 
at 2" mark on rule. This is one- 
half the distance between points 
A and B and, therefore, one-half 
the width of the board. 


Dividing Material 
into Three or Four 
"Equal Parts 


A method for dividing a piece of 
material into three or four equal 
pieces. In this example, a 5%” 
wide board is used. 


To divide board into three equal 
parts, slant rule so a number 
that can be divided by 3 is even 
with two edges of board. In this 
example, 6 is used. Place marks 
at 2" and 4" numbers on rules. 


ij si 
z 
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To divide board into four equal 
parts, slant rule so a number that 
can be divided by 4 is even with 
two edges of board. In this 
example, 8 is used. 
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dowel: Wood or metal pin used 
to strengthen a joint between 
two pieces. 

doweled joint: Joint in which 
glued dowels extend into 
both pieces. 

downspout: Pipe carrying wa- 
ter from a roof gutter to the 
ground. 


drain tile: Pipe made of clay, 
plastic, or concrete sections. 
Placed alongside the founda- 
tion footing for the purpose of 
moving away water collecting 
around the foundation. 


drill: Device with cutting edges 
to make holes in wood, metal, 
or plastic materials. The hand 
or power-operated tool for 
holding the device is also 
called a drill. 


D-ring: Metal ring attached to 
a safety harness to which a 
lifeline is attached. 


drip cap: Piece of molding placed 
at the top of an exterior wood 
frame to direct water away 
from the door and window 
openings. l 

drip edge: Metal piece bent over 
the exposed edges of roof 
sheathing. Placed after felt 
underlayment has been put 
down. 

drive pin: Nail made of hardened 
steel that can be driven into 
concrete. It is usually shot into 
the concrete with a powder- 
actuated fastening tool. 

driving head: Steel device placed 
on the head ofa pile to receive 
the blows from the pile-driving 
rig and protect the pile while 
it is being driven. 

drop chute: Long chute usu- 
ally attached to the bottom 
of a hopper. Used to prevent 
concrete from striking against 
the reinforcing steel and form 
walls when it is being placed 
in higher walls. 

drop panel: Thickened section 
over concrete columns that 
helps support the floor slab 
above. 
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dropping hip rafters: Process 
of deducting an amount from 
the seat cut so that the rafter 
drops. As a result, the ends 
of the roof sheathing can rest 
on the corners of the dropped 
rafter and be in line with the 
rest of the roof. 

dropping stringers: Process of 
deducting an amount from the 
height of the first riser so that 
the first and last finished risers 
will equal the riser heights of 
the rest of the stairway. 


1) Using 1⁄4” plywood, cut a guide strip 
and base piece. Fasten them 


below wood surface. Clinch nails on 
opposite edge. 


yjü ore 
1 


77— 
E LA 


o After measuring and marking 

amount to be cut off, use clamps to 
hold guide in desired position on 
bottom of door. 


Cutting Guide for Door Bottoms — mina 


An excellent guide for cutting door bottoms with a circular saw. It will guarantee 
a neat, straight cut, and it prevents saw from scratching the door finish surface. 


CUT OFF | 
DISCARD 


together, being sure to drive all nails 


drop siding: Board siding design 
that comes in tongue-and- 
groove or shiplap patterns. 

drywall frame: Metal door jamb 
designed for walls finished 
off with gypsum board. 

duplex nail: Double-headed 
nail designed to be pulled 
out easily. Used in temporary 
construction. Also called 


double-headed nail. 


duplex receptacle: Electrical outlet 
with two plug-in receptacles. 


CIRCULAR 
Ww 


SAW IS HELD 
AGAINST 
GUIDE STRIP 


AND 


o Run circular saw against guide 

strip of case material. (Discard 
this strip.) Guide is now ready to 
cut off door bottoms. 


o Following along edge of the 
guide, score door surface veneer 
with sharp knife to prevent veneer 
from splitting. (Opposite side will 
not split as saw blade cuts into 
veneer.) 


Wedging Door 
Bottoms | 


An effective method for holding doors 
in a fixed position while boring the 
lock holes. 


UPWARD FORCE 
HOLDS DOOR IN 
FIXED POSITION 


PLACE SMALL 
WOOD BLOCK 
UNDER FIRST 


Place a wooden piece under the 
bottom of door. Place small block 

snugly under the first piece, forcing 
the door up. 


earmuffs: Hearing protection 
device worn over the ears. 

earplugs: Hearing protection 
device made of moldable 
rubber, foam, or plastic, and 
inserted into the ear canal. 

easement: Legal right-of-way 
provision on another person’s 
property. 

eaves: Part of a roof that proj- 
ects past the side walls of a 
building. 

edge: The narrowest dimension 
of a piece of lumber. 

edge-grained lumber: Lumber pro- 
duced by quartering a softwood 
log lengthwise, then cutting 
boards out of each section. 

electrical shock: Condition that 
results when a body becomes 
part of an electrical circuit. 

electrode: Thin metal rod used 
in arc welding to provide 
filler at the welded joint be- 
tween metals. 


electronic distance measurement: 
Feature ofa total station instru- 
ment that allows distances to 
be measured between points 
with a high degree of accuracy 
(within .001’) without the use 
of a measuring tape. 


elephant trunk: Flexible hose- 
like device sometimes attached 
to the bottom of a drop chute. 
Used when concrete is being 
dropped from great heights. 

elevation: One ofthe heights es- 
tablished for different levels 
of a building. 


elevation view: Print drawing 
giving a view from the side 
of a structure. 

embedded steel: Steel com- 
ponents, such as rebar and 
anchor bolts, that are placed 
within the outer faces of con- 
crete surfaces. 


end-matched lumber: Boards or 
panels with tongue-and-groove 
edges at their end sides. 


engineered lumber: Building 
product manufactured using 
solid wood members or ve- 
neers, wood strands and fibers, 
oracombination of solid wood 
members and wood strand 
members. 


engineered wood products: 
Class of building materials 
manufactured from solid and 
reconstituted wood products 
which are combined with wa- 
terproof adhesives, resins, and 
other binders and subjected 
to extreme heat and pressure 
to form panels, timbers, and 
other structural or nonstruc- 
tural products. 


English measurement: Measure- 
ment based on yards, feet, inches, 
and inch-fractions. Also called 
customary measurement. 


equilibrium moisture content: 
Point at which the moisture 
content in wood is at the same 
level as the moisture in the 
surrounding air. 

escutcheon plate: Decorative metal 


plate placed against the door 
face behind the knob and lock. 


evergreen: A softwood species of 
trees that retains its leaves dur- 
ing all seasons of the year. 


excavation: Cavity dug in the 
ground. 


excavator: Heavy construction 
equipment used to remove 
soil and deposit it in trucks 
for removal or deposit it else- 
where on the job site. 


exit device: Mechanism with a 
horizontal bar that operates 
one or more door latches. 
When pushed in, the bar 
retracts the latches, enabling 
the door to be opened. Mainly 
used in theaters, schools, and 
public buildings. Sometimes 
called panic-exit door bolt. 


expansion anchor: Device placed 
in concrete and other types of 
solid masonry walls for fasten- 
ing purposes. As a screw or 
bolt is driven into the anchor, 
it expands and presses against 
the concrete. 

expansion joint: Joint extending 
through the entire thickness of 
a concrete slab wherever the 
slab butts against walls, piers, 
or columns. Expansion joints 
allow for expansion of a slab 
due to temperature changes. 


exposure: Distance between ex- 
posed edges of overlapping 
shingles. 


exterior elevation: View from 
the side of an object used to 
clarify and provide additional 
details regarding information 
shown on a floor plan. 


exterior finish: Materials such 
as roof shingles, wall siding, 
and window and exterior 
door frames used to finish the 
exterior face of a building. 


exterior insulation and finish 
system (EIFS): Method used to 
provide exterior building pro- 
tection through application of 
exterior sheathing, insulation 
board, reinforcing mesh, a base 
coat of acrylic copolymers and 
portland cement, and a finish of 
acrylic resins. 
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facade: Exterior of the front of 
a building. 

face brick: High-quality brick 
used as exterior wall finish. 

face frame: Frame attached to 
the front of a cabinet. It holds 
the doors and contains the 
drawer openings. Also called 
front frame. 

face-mount joist hanger: Metal 
connector nailed to the face 
of a beam or ledger and used 
to support a joist. 

face-nailing: Nailing on the sur- 
face of the lumber. 

face shield: Transparent plastic 
device that covers and pro- 
tects the entire face from the 
hazard of flying particles. 

face side: Side of a board or 
other building material that 
has the best appearance. 

factory and shop lumber: Lumber 
that will be further manufac- 
tured into millwork such as 
door jambs, window sashes 
and frames, and molding. 

factory edge: Straight edge 
of a panel after it has been 
manufactured. 

falsework: Structural supports 
and bracing required for tem- 
porary construction loads. 

fascia board: Horizontal finish 
piece nailed to the tail end of 
the roof rafters. 

fascia rafter: Rafter placed to- 
ward the outside face of the 
framework for a gable end 
overhang. Also called barge 
rafter or bargeboard. 

fastener: General term for a metal 
device, such as a nail, bolt, 
or screw, to secure adjacent 
members together. 

fiber: Narrow tapered wood 
cell closed at both ends. Also 
called tracheid. 

fiberboard: Engineered wood 
product made out of wood 
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fibers. Includes particleboard 
and medium- and high-density 
fiberboard and hardboard. Com- 
monly used in the furniture 
industry. 

fiber-cement siding: Exterior 
finish material composed of 
cement, ground sand, and cel- 
lulose fiber that is autoclaved 
(cured with pressurized steam) 
to increase its strength and 
dimensional stability. 


fiberglass: Insulating material 
made of spun glass fibers. 


fiberglass-reinforced-plastic 
(FRP) plywood: Engineered 
panel product that consists of 
a tough glass fiber-reinforced 
overlay bonded to plywood. 


fiber-reinforced glulam timber: 
Type of glulam beam in which 
thin sheets of high-strength 
resin-encased fibers, less than 
Yio” thick, are placed between 
the lams. 


fiber saturation point: Point at 
which water has evaporated 
from the cell cavities of wood 
but the cell walls still retain 
water. 


Using Finish Nails 
as Drill Bits 


A method to use if proper-size drill 
bit is not available for drilling 
small-diameter pilot holes in 
hardwood for a finish nail. 


! — CUT HERE 
ae 


[17 Select sharp finish nail of 
diameter to be used and cut off 
head. 


HARDWOOD 
DRILL CHUCK x 


DO NOT FORCE DRILL FINISH 
NAIL 


(2) Tighten nail in drill chuck. 
Carefully feed nail into wood. Do 
not use excessive force when 
drilling as nails tend to bend 
easily. 


filler block: Wood piece used to 
fill the rectangular space be- 
tween a pair of I-joists that are 
used as a single member. Filler 
blocks permit vertical load to 
be shared between the two I- 
joists and force each joist to ab- 
sorb equal amounts of the load 
and bend the same amount 
under the applied load. 


filler rod: In concrete formwork, 
a threaded rod made in vari- 
ous lengths that joins together 
the two outer sections of a 
waler rod assembly. 

finger joint: Interlocking joint 
used to splice the ends of 
lumber pieces together. 

finish floor elevation: Height 
of the first floor after finish 
materials have been applied, 
in relation to the benchmark 
established on the construc- 
tion site. 

finish flooring: Material used for 
the exposed, finished surface 
of a floor. Some examples are 
hardwood flooring, tile, and 
rugs. 

finish grade: One ofthe various lev- 
els ofthe lot surface after grading 
work has been completed. 

finish nail: Nail with a small barrel- 
shaped head that allows it to be 
set below the surface. Used for 
finish work. 


finish stringer: Finish board 
placed against a wall and be- 
hind a cut-out stringer. 


fink truss: Roof truss sloping in 
two directions with web mem- 
bers that form a W shape. 

fireblocking: Installing wood 
members in concealed spaces 
to cut off vertical and horizon- 
tal draft openings and to form 
a barrier between stories, and 
between the top story and attic 
or roof space. 

fireblocks: Horizontal pieces 
placed between the studs to 
slow down the passage of 
flames in case the structure 
catches on fire. Also called 
fire stops. 


Removing Finish 
Nails — 


A method for removing finish nails 
from materials without splitting or 
damaging surface finish. 


Pull the nail through material with a 
pair of pliers or by twisting it with 
hammer claw. 


fire cut: Angled cut at the end 
of a joist or timber where it is 
set into a brick wall. Prevents 
the joist or timber from dam- 
aging the wall in the event it 
collapses due to fire. 
fire-rated door: Fire-resistant 
door assembly, including the 
frame and hardware, com- 
monly equipped with an 
automatic door closer. 
fire-resistance rating: Measure- 
ment of the resistance of a 
material or component to 
failure when exposed to fire. 
Expressed as the number of 
hours or minutes that a mate- 
rial or component will main- 
tain its integrity. 
fire-retardant lumber: Lumber 
treated with a fire-retardant 
chemical. 
firestopping caulk: Material com- 
monly used to seal holes drilled 
through walls or structural 
members. Available as intumes- 
cent and endothermic caulk. 
fire wall: Wall constructed of 
fire-resistant materials and 
subdividing a building to help 
retard the spread of fire. 
fixed-sash window: Window 
that cannot be opened. 


fixture: Electrical or plumbing 
device attached to a wall, 
floor, or ceiling. Examples of 
fixtures are lights, water clos- 
ets, and sink basins. 


flagstone: Flat, fine-grained, 
evenly split rocks. When set in 
mortar, flagstone can be used 
for the finished surface of out- 
side walks and terraces and for 
sections of an interior floor. 


flange: Projecting rim at the top 
and bottom webs of a steel 
beam or wood I-joist. 


flashing: Strips of metal, plas- 
tic, or asphalt-saturated felt 
placed at roof areas vulnerable 
to water leakage and around 
window and door openings. 


flat-grained lumber: Lumber 
produced by cutting a soft- 
wood log so that the annual 
growth rings are at an angle of 
45° or less to the wide surface 


of the boards. 

flat slab floor: Concrete slab 
supported mainly by drop 
panels over columns. 

flat strapping: Sheet steel cut 
to a specified width without 
any bends; typically used for 
bracing. 


flatwork: Work connected with 
concrete slabs used for walks, 
driveways, patios, and floors. 

flexible insulation: Insulating 
materials that come in blanket 
or batt form and are placed 
between studs and joists. 


flexible membrane flashing: 
Door and window flashing 
consisting of a bituminous 
or butyl rubber adhesive core 
with release paper on one side 
and a metal foil or flexible 
plastic backing on the other 
side. 

flight: Unbroken and continu- 
ous series of steps from one 
floor to another or from a floor 
to a landing. 

floor beams: Used in a post-and- 
beam floor system. Beams are 
spaced apart 4’ OC or more. 
Flooring usually consists 
of 1144” tongue-and-groove 
planks or 1!" panels. 

floor guide: Metal or plastic 
device that holds the bottom 
of a sliding door in correct 
position as it is moved. 


flooring: Material used in the 
construction of floors. 


Using a Rod to Position Fireblocks 


A time saver for positioning fireblocks atte walls Rave Been raised, 


WALL Mi 


DOUBLE TOP PLATE 


E 


WALL STUDS 


BOTTOM PLATE 
Measure and mark 
midpoint of stud wall. 


Cut rod 3⁄4” shorter 
than midpoint. 


Place rod to left side 
under fireblock and 
toenail into stud using 
two 8d nails. 


pr STY DS 


N TOENAIL 
FIREBLOCK 


| IN PLACE ||! RIGHT SIDE 


Move rod to right side 
under fireblock and 
toenail that end into 
stud using two 8d 
nails. 
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floor plans: Drawings in a set of 
prints that give a plan view of 
each floor of the building. 

floor truss: Prefabricated struc- 
tural unit made of top and 
bottom chords tied together 
with web members. Used for 
the same purpose as floor 
joists or beams. 

flue: Passage through a chimney 
for gas, fumes, or smoke to 
rise. 

flush bolt: Sliding bolt mecha- 
nism mortised into a door at 
its top and bottom edge. Usu- 
ally used to hold in a fixed 
position the inactive door of 
a pair of double doors. 

flush door: Door with a flat sur- 
face made of a frame covered 
with plywood or hardboard 
face panels. 

flush pull: Recessed device 
mortised into sliding doors 
to provide a finger hold for 
moving the doors. 

flying form: Complete form unit 
consisting of a wood deck and 
metal supports. The entire as- 
sembly is raised and set into 
place by crane. 

foamed-in-place insulation: 
Chemical foam that is poured 
or sprayed into wall cavities. 
The foam then expands and 
completely fills the cavity. 

footing: Base of a foundation 
system. It bears directly on the 
soil. 

footing drain: Perforated pipes laid 
along the outside of foundation 
footings to collect rainwater 
and water from melting snow 
percolating down through the 
backfill and move it away from 
the foundation. Also called 
drain tile. 

Forest Stewardship Council 
(FSC): Trade association 
that has established global 
standards for responsible 
forestry, including a chain- 
of-custody for certified forest 
products. 
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joists with a circular saw. 


34" PLYWOOD 
BOTTOM PIECE 


2) After squaring one end of all 
pieces to be cut, place them on 
top of bench. Push all pieces 
firmly against end piece. 
Measure desired length of pieces 
at opposite sides and make two 
marks. Snap chalk line across 
top of pieces and cut with 
circular saw. 


form: Braced structure built to 
the shape of the structural 
member and into which con- 
crete is placed. 


formaldehyde: Chemical used 
to produce glues used in the 
manufacture of particleboard, 
plywood, veneers, and other 
wood products. 


form-release agent: Chemical 
agent that prevents the adhe- 
sion of fresh concrete to the 
forming surface. 


formwork: Construction of con- 
crete forms. 


forstner bit: Wood-drilling bit 
used to bore flat-bottom holes. 

foundation: The part of a build- 
ing that rests on and extends 
into the ground. It provides 
support for the structural 
loads above. 

foundation anchors: Metal con- 
nectors that provide a solid 
connection between the founda- 
tion and structural members to 
resist uplift and lateral forces. 


Cutting Quantities of Framin 


A fast and accurate method of cutting large quantities of studs, trimmer studs, or 


Members 


al 


Set up bench consisting of 


plywood panels supported by two 
sawhorses. Nail 2 x 4 strip to act 
as fence along long edge of bench. 
Nail second strip at one end of 
bench. This end piece must be 
nailed at an exact right (90°) angle 
to fence piece. 


SNAP 


CUTTING CHALK LINE 


BENCH 


MEASURE AND MARK LENGTH 


foundation plan: Drawing in a set 
of prints that gives a plan view 
as well as section views of the 
foundation of a building. 

foundation plates: Metal con- 
nector used to fasten the 
foundation to the side of the 
sill plate. 


frame construction: Framed wall, 
floor, ceiling, and roof units. 


framing anchor: A metal device 
used to strengthen the ties be- 
tween structural members of 
a wood-framed building. 


framing square: Valuable measur- 
ing and layout tool consisting of 
a 2” wide by 24” long blade and 
a 112" wide by 16” long tongue. 
Also called steel square or raf- 
ter square. 

free-fall distance: Vertical dis- 
tance between the fall-arrest 
attachment point on the body 
harness before the fall and the 
attachment point when the 
personal fall-arrest system ap- 
plies force to arrest the fall. 


friction catch: Catch used to hold 
cabinet doors or other types 
of light doors in position. A 
metal tongue mounted inside 
the door engages a jaw device 
mounted inside the cabinet. 

friction pile: Pile that relies on 
the pressure of the surround- 
ing soil for a major part of its 
bearing capacity. 

frieze board: Finish piece nailed 
below or notched between the 
rafters of an open cornice. 

front setback: Distance from the 
property line to the front of a 
building. 

front walk: Walkway that extends 
from the sidewalk or driveway to 
the front entrance of a building. 

frost line: Depth to which soil 
freezes in a particular area. 

furring strips: Narrow wood 
strips nailed to a wall or ceil- 
ing surface as a nailing base 
for finish materials. 

fused: Melted together by the 
heat of an electric arc. 


Dividing Improper _ 
Fractions _ 


A shortcut for dividing improper 
fractions into two equal parts. In this 
example, 5%” is used. 


© Determine largest whole number 
that can be divided into the whole 
number of the improper fraction 
(in this case, 5 + 2 = 2). The 
answer is 2 (ignore the 
remainder). 


ia 

2]5 
An ———————————— 
1 (ignore this remainder) 


© Add the numerator (5) and the 
denominator (8), which equals 13. 


5 numerator 
+ 8 denominator 


© Double denominator (8), which 
equals 16. 


8 denominator 
+ 8 denominator 


o The final answer is 213A". 


5%” + 2 = 21/16” 


gable end overhang: Triangular 
upper section ofthe end wall of 
a building with a gable roof. 


gable roof: Roof that has a ridge 
at the center and slopes in 
two directions. 


gable stud: Stud that extends 
from the top plate of an end 
wall to the bottom of a com- 
mon rafter at the gable end of 
a gable roof. 


gain: Recess cut into a piece of 
wood for door hinges and other 
hardware. Also a notch cut into 
lumber, such as a notch cut into 
a stud for a ribbon board. 


galvanizing: Coating iron or steel 
with zinc to prevent rusting. 


gambrel roof: Roof similar to a 
gable roof but with a break in 
each slope at an intermediate 
point between the ridge and 
the two exterior side walls of 
the building. 


gang form: Large form panel made 
of smaller panel sections. 


gas-filled window: Window 
unit, consisting of two or 
more panes filled with ar- 
gon, krypton, or xenon gas, 
that reduces the overall heat 
transfer between the interior 
and exterior of a building. 

gauge: Standard of measure for 
metal thickness and the diam- 
eter of wire. Also spelled gage. 

general contractor: Licensed 
individual or firm that can 
enter into legal contracts to 
do construction work, and is 
in charge of the overall orga- 
nization and supervision of 
a construction project. Also 
called building contractor. 


geometric stairway: Winding 
stairway of circular or ellipti- 
cal design. 


girder: Large horizontal wood, 
steel, or concrete member 
used to help support a floor, 
ceiling, roof, or other load. 


girt: Wood horizontal stiffener 
placed around the perimeter 
of a post-frame building to 
support the wall covering. 


glazing: Installing glass in a 
window sash or door and ap- 
plying putty to hold the panes 
in position. 

glue block: Small piece of wood 
glued at the joint of two piec- 
es of wood that meet at an 
angle. 


glue bond: Bond between pieces 
of wood in products such as 
veneered panels and glued, 
laminated (glulam) timbers. 


glued laminated timber: Heavy 
timber made up of planks 
joined together by a very strong 
bonding adhesive. Often re- 
ferred to in the abbreviated 
form glulam. 

glue-nailing: Fastening system 
that combines the use of an 
adhesive with nailing. 


gooseneck: Curved or bent sec- 
tion on a handrail. 


grade: The identification of the 
quality of a piece of lumber. 
The grade determines the 
lumber’s price and what it 
can be used for. 


grade beam: Reinforced concrete 
foundation wall placed at 
ground level. It rests on and is 
tied to deeply penetrating piers 
or piles that provide the main 
structural support for the beam 
and building loads above. 

grader: Heavy construction 
equipment used in final 
grading operations on large 
construction sites to level the 
earth surface. 

grading: Removing or adding 
soil to the surface of the lot 
so that there is enough slope 
for surface water to flow away 
from the building. 

grain: Direction, size, and ar- 
rangement of the wood fibers 
in a piece of lumber. 


gravel: Crushed rock. Particles 
range in size from 1⁄4” to 1⁄2” 
in diameter. 
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gravel streak: Surface defect 
in hardened concrete caused 
by poor consolidation when 
the concrete was placed. 


green building: Refers to build- 
ing design and construction 
methods that efficiently use 
materials, energy, water, and 
other natural resources. Also 
called sustainable building. 


green lumber: Lumber with high 
moisture content; typically 
refers to freshly sawn unsea- 
soned lumber. 


grip-handle lock: Lockset with 
a grip handle on one or both 
sides. The latch is retracted 
with a thumbpiece. 


grip span: Distance between the 
thumb and fingers when the 
tool jaws are open or closed. 


ground: 1. Safety feature to pre- 
vent shock due to a fault in an 
electrical system. It consists of 
an added ground wire running 
from a plug or equipment to 
the ground. 2. Narrow piece of 
wood nailed to a framed wall 
to serve as a thickness gauge 
for plaster. Also provides 
backing and a nailing surface 
for wall molding. 


ground clamp: In arc welding, 
a device for securing to the 
workpiece the end of the 
ground cable running from 
the welding machine. 


ground fault circuit interrupter: 
Device used to protect against 
electrical shock by detecting 
an imbalance of current in the 
normal conductor pathway 
and then quickly opening the 
circuit (in as little as Yo of a 
second). 


grout: Thin mixture of cement, 
sand, and water used for 
patching and leveling. 


guardrail: Temporary railing 
placed around floor openings, 
across exterior door and win- 
dow openings, and on scaffolds 
during construction. 


guide strip: Narrow strip used 
to hold a cabinet drawer in 
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position as it slides in and 
out. Ifthe strip is nailed to the 
drawer, a dado is cut in the 
side of the cabinet. If the strip 
is nailed to the cabinet side, a 
dado is cut in the drawer. 


gutter: Wood or metal trough at- 
tached to the eaves to receive 
water runoff from the roof. 
Also called eaves trough. 


gypsum board: Panels made of a 
gypsum rock base sandwiched 
between specially treated pa- 
per. They have largely replaced 
plaster as a finish interior wall 
covering. Also called wall- 
board and drywall. 


hammer: Striking tool used to 
drive and remove nails. 


hammer-drill: Electric or pneu- 
matic tool used to bore holes in 
hard surfaces such as concrete 
and masonry. The hardened 
bit is rotated and moved in a 
reciprocating motion. 

handrail: Rail that is grasped 
by the hand to provide sup- 
port when a person uses a 
stairway. 


Marking Hole O penin 


the need for taking measurements. 


KEEL 


MARKING 
CRAYON) 


= ES HE | GYPSUM 
BOARD 


PANEL 


KEEL IMPRINT 
TRANSFERRED 


BACK SURFACE 
OF PANEL 


a 


PRESS HERE 


BACK 
SURFACE 
OF PANEL 


FRONT 
SURFACE 
OF PANEL 


DRIVE 
NAILS AT 
CORNERS 

OF IMPRINT 


sonG 


A quick method for marking holes to be cut out for electrical boxes that eliminates 


ELECTRICAL BOX 
FASTENED TO STUD 


(o mem i (CARPENTER 


MARK ALL AROUND 
FRONT EDGE OF 
ELECTRICAL BOX 


L | POSITION OF | | 
~ | BOX BEHIND [^7 


PULL OUT 

NAILS AND 
DRAW CONNECTING 

LINES. CUT OUT HOLE. 


psum Board 


L1) Mark all around front edge 
of electrical box using a 
carpenter's keel. (Ensure 
there is enough crayon 
marking to transfer the 
imprint to back surface of 
board.) 


o9 Place gypsum board into its 
proper position and press it 
against electrical box. Keel 
will transfer from front edge 
of electrical box to back 
surface of gypsum board 
panel. 


© Drive four nails through 
back of panel at corners of 
transferred imprint. Draw 
connecting lines on front 
surface of panel and 
remove nails. Cut out hole 
with knife or compass saw. 


hanger wire: Wire used to hang 
grids or other objects from a 
ceiling. 

hardboard: Nonstructural recon- 
stituted wood panel product 
used for interior paneling, 
cabinets, underlayment, and 
exterior siding. 

hardwood lumber: Lumber that 
comes from deciduous broad- 
leaved tree species. 


harness: Fall protection equip- 
ment used to protect internal 
body organs, the spine, and 
other bones in a fall. 

hazardous material: A substance 
capable of posing a risk to 
health, safety, or property. 

header: 1. Horizontal structural 
member placed over the top 
of a wall opening that distrib- 
utes the load to either side of 
the opening. 2. Joist or rafter 
perpendicular to trimmer 
joists or rafters and used to 
support and frame openings 
(Canadian usage). 

header joists: 1. Continuous 
pieces of lumber that are the 
same size as the floor joists 
and are nailed into the ends of 
the floor joists to prevent them 
from rolling or tipping. Also 
called rim joists and band 
joists. 2. Doubled joists nailed 
between the trimmer joists of 
floor or ceiling openings. 

headlap: Distance (in inches) 
from the lower edge of an 
overlapping shingle to the 
upper edge of the shingle in 
the second course below. 

headroom: Minimum vertical 
clearance required from any 
tread on a stairway to any part 
of the ceiling structure above 
the stairway. 

heartwood: Lumber from the 
core of a tree, which is darker 
in color and has higher decay 
resistance. 

heat flow: Movement of heat to- 
ward colder air. 


heavy construction: Concrete 
and heavy timber construction 


methods used to erect structures 
such as office and apartment 
buildings, factories, bridges, 
freeways, and dams. 

heavy timber construction: Sys- 
tem using heavy posts and 
girders for the basic structural 
members of buildings, bridg- 
es, trestles, waterfront docks, 
and piers. 


heel plumb cut line: Mark indi- 
cating the rafter plumb cut at 
the building line. 

high-density overlay (HDO) ply- 
wood: Exterior grade plywood 
with a resin-impregnated fiber 
veneer. Used for concrete 
forming and countertops. 

high-pressure laminate (HPL): 
Laminate floor manufactur- 
ing process in which the 
components in the top layer 
are pressed together under 
intense heat and pressure to 
form a laminate. The laminate 
and bottom layer are glued to 
the carrier to form the finished 
laminate flooring. 

hinge plates: Hinged, two-piece 
metal connectors used as an al- 
ternative to piggyback trusses. 

hinges: Metal devices with mov- 
able joints attached to the door 
and jamb. They secure the 
door to the jamb and allow the 
door to swing back and forth. 
Also called butt hinges. 

hip jack rafter: Jack rafter that 
extends from the top wall plate 
to a hip rafter. 

hip rafter: Rafter that runs at a 45? 
angle from the corner of a build- 
ing to the ridge of a hip roof. 

hip roof: Roof that slopes in four 
directions from a central ridge. 

hip-valley jack rafter: Short 
rafter that extends from a hip 
rafter to a valley rafter. 


holddown: Metal connector used 
to tie the foundation securely 
to the walls. 


hollow-backed: A piece of wood 
molding or flooring material 
having a depression between 
the two edges ofthe back. The 


depression allows for a flatter, 
tighter fit against an irregular 
surface. 


hollow-core door: Lightweight, 
less expensive type of flush 
door. With the exception of 
the outside frame, the space 
between the face panels is 
filled with a mesh or cellular 
material. 


hollow-core slab: Lightweight 
precast, prestressed concrete 
slab section used for floors, 
ceilings, and walls. Cores in 
the slab provide for air distri- 
bution and raceways for power 
and communication wiring. 


Gypsum Board 
Lifting Wedge 


A simple aid for lifting gypsum 
board panels and holding them 
firmly against the ceiling while 
nailing them in place. 


2x4or 
2x3 WEDGE 


Cut a sharply pointed bevel at 
one end of short piece of 2 x 4 or 
2x3 material. 


FORCES GYPSUM 
BOARD UP 
AGAINST CEILING 


APPLY 
PRESSURE 


WALL STUD 


E WEDGE 


Place pointed end of lifting 
wedge under gypsum board 
panel. Raise panel tightly against 
ceiling by pressing down on 
other end of wedge with your 
foot. Drive three or four nails or 
screws into panel before 
releasing pressure on wedge. 
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Transferrin : Hin 


e Layout 


A method for transferring hinge layout from the door to the side jamb. It can be 
particularly helpful when fitting very heavy doors. 


TOP OF 
DOOR DOOR 


HINGES INSTALLED 
ON DOOR 


Le 


382" PAST 
TOP EDGE 


HEAD JAMB 


I| MARKED 
ROD 


TRANSFER 


MARKS FROM 
ROD TO SIDE 


JAMB 


OPENING |f 


DOORSTOP 


Place rod alongside door, 
holding it 352" past top 
edge of door. Transfer 
marks from tops of hinges 
to rod. 


o Push rod up against head 

jamb. Holding it firmly in 
position, transfer hinge 
marks on rod to.side jamb. 
The $52" allowed for on rod 
will ensure ample 
clearance between top of 
door and bottom surface of 
head jamb. 


honeycomb: 1. Surface defect 
in hardened concrete caused 
by poor consolidation when 
the concrete was placed. 
2. White pits and specks on 
the surface of lumber. Similar 
to defect called white speck, 
but pits are deeper or larger. It 
is caused by a tree fungus. 

hopper: Funnel-shaped box 
used when placing concrete 
into a form. 


hopper window: Window that 
hinges at the bottom and 
swings out at the top. 

horizontal lifeline: Lifeline con- 
nected to fixed anchors at both 
ends. 

horizontal sliding window: A 
window that opens and shuts 
by sliding horizontally in up- 
per and lower tracks. 

housed stringer: Stringer that 
has been routed out to receive 
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treads and risers that are glued 
and wedged into place. 


housewrap: Translucent spun- 
plastic sheet material that 
is tightly wrapped around 
a building to prevent water 
and air penetration into the 
structure. 


housing tract: Residential devel- 
opment where many houses 
are constructed for sale on a 
common tract of land. 


hub: Stake placed in the corner 
of a lot when the lot is being 
surveyed and its exact bound- 
aries established. 


humidity: Amount of dampness 
in the air. 


hydration: Chemical reaction 
that takes place when water 
is combined with cement, 
sand, and gravel in a concrete 
mix. Hydration causes the 
concrete to harden. 


ice and water guard: Flexible 
adhesive membrane used to 
prevent moisture penetration 
and interior damage from wa- 
ter backup due to an ice dam 
or wind-driven rain. 


ice dams: Roof obstruction cre- 
ated when warm air rising 
through the attic is combined 
with melting snow, water, and 
cold outside temperature. 


immersion vibrator: Tool used 
to consolidate freshly poured 
concrete. It consists of an electri- 
cally or pneumatically activated 
metal vibrating head that is 
dipped into the concrete. 


impact insulation class (IIC) 
rating: Rating system used 
to indicate the resistance of 
any part of a building struc- 
ture to structure-borne sound 
transmission. A high number 
indicates more resistance to 
sound transmission than a 
low number. 


impact wrench: Corded or cord- 
less tool that applies a large 
amount of force to a small 
area, such as bolt heads, with 
little effort from the worker. 

impermeable: Pertains to ma- 
terials that are completely 
vapor-resistant, allowing no 
water to pass through. 

inactive door: The door of a 
double door unit that is held 
in place by flush bolts and will 
not be used for normal traffic. 

infiltration: Heat loss as a result of 
leakage through cracks around 
door and window frames. 

in-line framing: Framing system 
in which all joists, studs, and 
roof rafters are in a direct 
line with one another. Also 
referred to as stacking. 

insert: One of the bolt-like de- 
vices set into precast concrete 
wall sections to secure the 
lifting plates needed for crane 
hookups. 


inspect: To check for deficiencies 
and to ensure structure is con- 
structed per the building code. 


inspector: Local official autho- 
rized to inspect and approve 
construction work. 


install: To position a component or 
item so that it is ready for use. 


insulating concrete forms (ICFs): 
Specialized forming system 
which consists of a layer of 
concrete sandwiched between 
layers of insulating foam ma- 
terial on each side. 


insulating glass: Window unit 
comprised of two or more 
pieces of glazing separated by 
hermetically sealed airspace for 
improved thermal efficiency. 


interior finish: Application of 
finish wallcovering, molding, 
cabinets, and interior door 
jambs. Also included are the 
hanging of doors and installa- 
tion of finish hardware. 


interior trim: Moldings and 
other decorative members 
installed inside a structure. 


internal vibrator: Tool that con- 
sists of a motor, a flexible shaft, 
andan electrically or pneumat- 
ically powered metal vibrating 
head that is dipped into and 
pulled through concrete. 

intersecting roof: Roof consisting 
of two or more roof sections 
sloping in different directions. 
Also called combination roof. 

inverted T-shaped foundation: 
Type of foundation constructed 
with a stem wall supported by 
a spread footing. 

invisible hinge: Hinge mortised 
into the door and jamb with 
no parts visible when the door 
is in a closed position. 

isolation joint: Joint placed around 
the perimeters of concrete work 
where it butts up to pre-existing 
hardened concrete. The joint 
commonly is filled with an 
asphalt-impregnated strip. 


jack rafter: One of the short 
rafters that extend from a 
main rafter to the ridge or top 
plate, or from one main rafter 
to another. 


jalousie window: Window with 
a series of small glass slats 
that are opened and closed 
by a crank operator. 


jamb: Finish frame of a door 
opening. 

joint: The place where two pieces 
of material meet or are joined 
together. 


Joint Apprenticeship and Train- 
ing Committee (JATC): Labor- 
management organization 
responsible for the supervision 
and organization ofthe appren- 
tice programs in a trade. 

jointer plane: Hand tool approxi- 
mately 22" to 24" long used to 
true edges of lumber and smooth 
the face of long boards. 


jointing lumber: Process of mak- 
ing the edges of boards straight 
and true before they are fitted 
together. Also, process of 
planing door edges when fit- 
ting and hanging doors. 

joist: Horizontal plank placed 
on edge to support a floor or 
ceiling. 

joist hanger: Metal strip used 
to support the end of a joist 
that is to be flush with and 
nailed against another joist 
or girder. 

joist tie: Wood or metal piece 
notched into the tops of joists 
where they butt together over 
a wall or girder. 

journeyman: Worker who has 
completed an apprenticeship 
training course and/or passed 
certification requirements for 
working in the trade. 


Drawing Lines with 
Combination 
Squares 


A convenient method for drawing the 
margin on materials for ripping and 
planing. 


COMBINATION — Z2 
SQUARE 


L1) Set blade of square to desired 
margin. 


Hold pencil at end of blade and 
mark line. 


kerf: Groove or notch made by 
a Saw. 


key strip: Chamfered pieces of 
2 X 4s pressed into the con- 
crete toward the center of the 
footing to create a keyway. 


keyway: Groove formed in con- 
crete at the top surface of a 
spread footing. It helps to 
secure the bottom of the foun- 
dation wall to be placed on top 
of the footing. 


kicker: A 45? stake used to sup- 
port concrete form boards. 


kick plate: Metal or plastic plate 
mounted at the bottom of a 
door face to prevent damage 
from foot pressure against the 
door. Usually found on doors 
in public buildings. 

kiln-dried lumber: Lumber dried 
in a temperature-controlled 
building called a kiln. 

kingpost truss: Simple roof truss 
sloping in two directions with 
a vertical post extending from 
the ridge to the bottom chord. 
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knob: Projecting metal, plastic, 
or wood handle fastened to 
the face of a cabinet door or 
drawer for opening and clos- 
ing purposes. 

knocked-down unit: Unassembled 
structural unit. Components are 
prefabricated in a shop but 
are assembled on the job site. 


knockout: Prefabricated open- 
ing provided in the webs of 
steel studs for utilities such as 
electrical wiring and plumb- 
ing pipes. Also referred to as 
punchouts. 

knot: Lumber defect caused 
by a section of broken limb 
remaining embedded in the 
tree trunk. 


krypton gas: Colorless, odor- 
less, tasteless gas occurring 
in trace amounts in the atmo- 
sphere. Injected in the space 
between window panes to 
reduce the overall heat trans- 
fer between the interior and 
exterior of a building. 


o 


ladder: Structure for climbing 
consisting of two siderails 
joined at intervals by rungs 
or steps. 

ladder jack scaffold: Metal de- 
vice that hooks to the ladder 
rungs and provides support 
for planks that may support 
a single worker doing light 
work. 

lag bolt: Threaded fastener with 
hexagonal head and a thread 
design for use in wood. 

lagging: Heavy wood planks 
placed between soldier piles 
to form a shoring system 
around excavations. 

Lally column: Steel pipe column 
used to support wood or steel 
girders. 
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laminated glass: Type of safety 
glass produced by placing 
a sheet of polyvinyl butral 
(PVB) between two sheets of 
glass and subjecting the as- 
sembly to intense heat and 
pressure. Lamination prevents 
glass from shattering and 
also provides a much higher 
sound insulation rating than 
standard glass. 

laminate flooring: Composite 
flooring material which con- 
sists of a transparent top layer, 
decorative layer, carrier layer, 
and bottom layer. 

landing: Horizontal platform in 
a stairway used to break arun 
of stairs. 

landing newel post: Vertical 
member that supports a hand- 
rail at a landing or change of 
direction in a stairway. 

lanyard: Rope lifeline. One end 
is attached to the D-ring of a 
safety belt and the other end 
is secured to the structure. 

lap: Amount that materials ex- 
tend over or past each other. 

lap joint: Joint made by overlap- 
ping two pieces of material. 

laser: Acronym formed from 
the initial letters of the words 
light amplification by stimu- 
lated emission of radiation. 

laser diode: Solid-state device 
that produces a highly con- 
centrated laser beam. 

laser hand level: Hand level that 
can be used as standard car- 
penter’s level or be switched 
on to emit a laser beam. 

laser level: Survey instrument in 
which a concentrated beam of 
light is projected horizontally 
or vertically from a source 
and used as a reference for 
leveling or verifying horizon- 
tal or vertical alignment. Also 
called construction laser. 

latch bolt: Retractable device 
that is part of a lockset. It en- 
gages the strike plate on the 
door jamb and holds the door 
in a closed position. 


latch retractor: The part of a lock 
mechanism that engages the 
latch unit and retracts the bolt. 

latch unit: The part of a lockset 
that contains a retractable 
latch bolt. 

lateral force: Sideways pressure 
against a wall or other struc- 
tural member. 

lattice: Grillework of narrow 
wood or metal strips fastened 
at 90° to one another to create 
an interwoven effect. 

leaf: The flat pieces of a door 
hinge that screw into the jamb 
and door. 

ledger strip: Strip of lumber 
nailed along the bottom edge of 
a girder to give support to joists 
butting against the girder. 

LEED®: Leadership in Energy 
and Environmental Design. 
Organization that provides 
standards and guidance for 
green building. 

let-in brace: Diagonal brace 
notched into the studs of a 
wood-framed wall. 

level: 1. Line or plane that would 
be parallel to still water. 
2. Tool used for leveling and 
plumbing purposes. 

lifeline: Fall protection device 
anchored above the work 
area, Offering a free-fall path 
in case of a fall. 

lift: Layer of fresh concrete or 
loose soil to be consolidated 
or compacted, respectively. 

lifting bracket: Metal device at- 
tached to a gang form to provide 
for a crane hookup. 

lift plate: One of the devices 
fastened to inserts embed- 
ded in precast concrete wall 
sections and used for a crane 
hookup. 

lift-slab construction: Construc- 
tion method in which floor 
slabs are stack-cast, then 
lifted into place by hydraulic 
jacks and anchored to pre-set 
columns. 


light construction: Residen- 
tial buildings and small to 
medium-sized commercial 
buildings. 

light-gauge steel: Cold-formed, 
light-gauge metal framing 
members available in many 
shapes including C-shapes, 
tracks, U-channels, and fur- 
ring channels. 


lignin: Second most abundant 
substance found in wood. It 
covers the cell walls and ce- 
ments them together. 

lineal foot: Refers to a line one foot 
in length as differentiated from 
a square foot or cubic foot. 

line of sight: An imaginary 
straight line extending from 
the telescope of a builder's 
level or transit-level to the 
object being sighted. 

line oftravel: Area that a person 
is likely to walk on when us- 
ing a winding stairway. 

linoleum: Composite material 
used as a finish floor covering. 
It comes in tile or sheet form. 

lintel: Wood, stone, or steel mem- 
ber placed across the top of a 
rough door or window open- 
ing. It supports the weight from 
above. 

lip: Part of a C-shape that extends 
from the flange along the open 
edge. The lip increases the 
strength ofthe member and acts 
as a stiffener to the flange. 

lipped door: Cabinet door with 
a rabbeted edge. 

lite: Section of window glass. 
Also called pane. 

live load: All moving and chang- 
ing loads that may be placed 
on different sections of a 
building. Live load factors 
may be people, furnishings, 
snow, and wind. 

load-bearing wall: Wall that sup- 
ports loads from above as well 
as its own weight. 

loader: Large wheeled tractor 
with hydraulic arms that 
control a bucket mounted in 
front. 


lock block: Solid piece of wood 
placed between the face pan- 
els of a hollow-core door 
where the holes will be drilled 
for the door lock. 


locking C-clamp: Tool used to 
hold metal framing members 
tightly together while they are 
being fastened. 


locking latch: Device that locks 
horizontal sliding windows. 

lockset: Entire lock unit, includ- 
ing the locks, strike plate, and 
all the trim pieces. 

longitudinal roof beam: Roof 
beam that runs the length of a 
post-and-beam roof structure. 

longitudinal section: Section 
view in a print drawing repre- 
senting a cut along the length 
of the building. 


lookout: Level pieces nailed be- 
tween the wall and the ends 
ofthe rafters to provide a nail- 
ing base for the soffit material 
of a closed cornice. 

loose fill insulation: Insulation 
material that is poured directly 
from a bag or is blown into 
place with a pressurized hose. 

loose-pin hinge: Hinge used 
most often for hanging doors. 
It consists of a pair of leaves, 
a barrel or knuckle, and a re- 
movable pin. 

lot: Piece of land or property hav- 
ing established boundaries. 

lot survey: Survey of a piece of 
property, usually carried out 
by a qualified surveyor or 
engineer. Its main purpose is 
to stake out the corners of the 
property. Also, grades may be 
checked and recorded at the 
corners and at various points 
within the property. 

louver: Slotted opening for 
ventilation. 

low-emittance (low-E) coating: 
Surface coating applied to 
glass to reduce the passage 
of heat and ultraviolet rays 
through the windows. 


L-shaped foundation: Type of 
foundation with the footing 


extending from only one side 
of the foundation wall. 


L-shaped stairway: Stairway 
that runs along two walls and 
includes a landing where the 
stairway changes direction. 
Used when the space is not 
sufficient for a straight-flight 
stairway. 

lumber: Any materials cut from 
alog (boards, planks, timbers) 
and used for construction 
purposes. 


Measuring from l1 
Mark . . 


Commonly referred to as "cutting a 
foot," this is a method for ensuring 
a more precise reading when taking 
longer layout measurements. 


BOARD BEING 
MEASURED 


EXTEN 
RULE TO 
1 MARK 


Hold tape measure at 1' instead of the 
hooked end. When marking length, be 
sure to read 1' more than actual 

length. 


machine bolt: Bolt with a square 
or hexagonal head that is 
used to fasten together wood 
or metal pieces. 


magnetic catch: Catch used to 
hold cabinet or other types of 
lightweight doors in position. 
It usually consists of a magnet 
fastened inside the cabinet 
and a metal plate fastened 
inside the door. 
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main entrance door: Exterior 
door on the front or street side 
of a building. 


main stairway: Stairs that serve 
the inhabited (living) areas of 
a house. Also called primary 
stairway. 


mansard roof: Roof similar to a 
hip roof but with a break in the 
slopes at an intermediate point 
between the ridge and the four 
outside walls of a building. 


manufactured housing: General 
term for the prefabricated 
housing industry. 

masonry: Molded or shaped 
construction materials such 
as concrete blocks, bricks, 
stones, and tiles. 


masonry nail: Hardened nail 
with a fluted shank that can be 
driven into a concrete or 
masonry surface without 
deforming. 


masonry veneer: Exterior finish 
cover of brick or stone, usually 
applied to a wood stud wall. 


mastic: Thick, pasty adhesive 
used for fastening wallboard, 
paneling, ceiling and floor tile, 
and other finish materials. 

material safety data sheet 
(MSDS): Right-to-know infor- 
mation used to relay hazardous 
material information from the 
manufacturer, importer, Or 
distributor to the worker. 

matt foundation: Foundation 
system consisting of a thick, 
heavily reinforced concrete 
slab placed beneath the entire 
building area. 

mechanical core: Prefabricated 
modular unit that contains 
the hooked-up kitchen and 
bath fixtures as well as other 
mechanical equipment re- 
quired for the house. 


medium-density fiberboard 
(MDF): Nonstructural recon- 
stituted panel product used 
for a variety of exterior and 
interior products including 


siding, molding, furniture, ' 


shelving, and cabinets. 
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medium-density overlay (MDO) 
plywood: Exterior grade 
plywood finish with a fiber 
resin overlay. Commonly 
used for furniture, signs, and 
displays. 

medullary ray: One of the wood 
rays in a tree that extend radi- 
ally from the pith toward the 
outside of the trunk. Their 
purpose is to store and trans- 
port food. 

mesh core (door): Crisscross 
backing for the face panels 
used in hollow-core doors. 


metal connector: Fastening 
device used in wood- and 
metal-framed construction to 
connect adjacent members to- 
gether. Extremely important in 
areas subject to earthquakes, 
tornados, and hurricanes. 


metal connector plate: Flat 
metal truss connection device 
with teeth punched from the 
base metal. 


Constructing a 45° Miter Cur Jig 


A handy template to be used witha radial arm saw. 


SAW KERF LINE _ 


Tack jig to radial arm saw table so 
saw kerf is in line with travel of 
saw blade. Saw must be raised so 
that it does not cut completely 
through 234" plywood base. 


LAY OUT AND NAIL TWO 
MARK ANGLES WOOD STRIPS 
IN PLACE 


mil: Unit ofthickness that is equal 
to 400 of an inch (.001”). 


millwork: Interior trim stock 
that is produced in a mill and 
delivered to the job site. 


millwright: Person who installs 
machinery and other me- 
chanical equipment in mills 
and factories. 


minute: Unit of measurement 
of angles equal to Yo of a 
degree. 


mitered stringer: Stringer used 
on open sides of a stairway 
where the joints between the 
finish riser material and the 
stringer are mitered. 


miter joint: Wood joint formed 
with two pieces cut at a 45? 
angle and fastened together to 
form a 90? angle. 


mixture segregation: Condition 
that occurs when aggregate 
settles because the mixture is too 
thin to support the aggregate. 


Cut a ?4" piece of plywood that 
will fit on radial arm saw table. 
Lay out and mark 45? angles. 
Cut and nail two 34" wood 
strips to the plywood base. 


RADIAL ARM 
S 


^ SAW BLADE 


mobile scaffold: Scaffold equipped 
with casters to allow the scaffold 
to be easily moved over a level 
paved or concrete surface. 


model code: Building code de- 
veloped through conferences 
between building officials 
and industry representatives 
from all parts of the country. 


modular home: In manufactured 
housing, a building entirely 
constructed of prefabricated 
modular units. Also called 
sectional home. 


modular unit: In manufactured 
housing, a completed three- 
dimensional section of a 
house. 


moisture content: Amount of 
moisture present in wood at 
a given time. It is usually ex- 
pressed as a percentage of the 
dry weight of the wood. 


moisture meter: Instrument 
used in the field to give an 
instant reading of moisture 
content in wood. 


molder: Machine that produces 
different patterns of molding 
from softwood and hard- 
wood lumber. Also called 
sticker. 


monolithic concrete: Concrete 
placed in forms in a continu- 
ous pour without construction 
joints. 

mortise: Cavity cut into lumber 
to receive a similarly shaped 
tenon projecting from another 
piece of wood. Also, cavity 
for receiving hardware, such 
as a mortised lock. 

mortise-and-tenon joint: Joint 
between two members where 
a tenon cut into the end of 
one piece fits into a cavity 
mortised in the other piece. 

mortised lock: Older type of lock 
that fits into a mortised cavity 
in a door. 

mounting plate: Plate placed 
on one side of a door. Holes 
are provided for two ma- 
chine screws that engage and 


tighten into threaded holes in 
the cylindrical housing, thus 
securing the lock in place. 


mounting rail: Wood strip provid- 
ed at the top and bottom of the 
back interior of a wall cabinet. 
Wood screws that fasten the 
cabinet to the wall penetrate the 
mounting rails and are driven 
into the wall studs. Also called 
hanging rail. 

mudshore: Timber used to brace 
and straighten a concrete 
form. One end is nailed to the 
form and the other end butts 
against a wood pad placed on 
the ground. 

mudsill anchor: Metal connec- 
tor used to fasten a sill plate 
to the foundation. 


mullion: Vertical bar in a win- 
dow frame that separates two 
windows. 


multifolding door: Series of doors 
hinged to each other and sup- 
ported by wheeled hangers 
that run across an overhead 
track. 


multiple glazing: Two or three 
layers of glass with spaces in 
between set into a window 
sash to improve insulation. 

muntin: Small pieces that sepa- 
rate window lights enclosed 
by a window sash. 


nailing plate: A metal plate 
nailed at the joint between 
truss members. 

nail set: Hand tool, approximately 
4" long, with a slightly cupped 
tip. Used to drive nail heads 
below the surface of material. 


natural grade: The various levels 
of the lot surface before any 
finish grading takes place. 
Also called existing grade. 


newel post: One of the main 
upright members that support 
the handrails of a stairway. 


nominal lumber size: Commercial 
size given to a piece of lumber 
based on its thickness and 
width at the time it was manu- 
factured in the sawmill, before 
it was surfaced and seasoned. 


non-load-bearing wall: Wall that 
supports no load other than its 
own weight. 


nonveneered panels: Panel 
products manufactured from 
reconstituted wood. 


nosing: Projection of the tread 
beyond the face of the riser. 

notch: Rabbet-like cut made across 
the edge of a piece of lumber. 
An example is the notch made 
in a joist or stud to accommo- 
date a pipe or conduit. 


Using Measuring - 
Rods .— | 


An easily made device that saves 
repeated measuring when sawing 
a large number of pieces with a 

hand saw or power saw. 


x2 MATERIAL 


SS 
|—— DESIRED LENGTH— — 


SHORT END PIECE 
NAILED TO ROD 


Cut a 1 x2 to desired length. Nail 
a short 1 x2 end piece at one end. 


Hook end piece over end of 
material to be cut and mark 
cutoff. 
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oil-borne preservative: Wood pre- 
servative best known in the form 
of pentachlorophenol. Highly 
toxic to fungi and insects. 
on-center: Distance between cen- 
ter points of framing members 
or other building components. 
one-way joist system: Floor slab 
system that has cast-in-place 
joists running in one direction. 
open panel construction: Prefab- 
ricated panelized construction 
method. The outsides of the 
wall sections are finished off, 
but the insides are left open. 
open stringer: Stringer that has 
been cut out to support the 
treads on the open side of a 
stairway. 
orbital motion: Circular motion 
common to some types ofelec- 
tric sanders and jig saws. 
orientation: Position of a building 
on a lot and the direction that 
the different walls will face. 


Place tape measure so end of 
board is even with the 11" 
mark. 
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_Deducting from the Overall Measurement 


A shortcut for measuring and marking material where a deduction will be required. 
In this example, the measurement is 5’-6” less 112”. 


oriented strand board (OSB): 
Panel product made of layers 
of wood strands bonded to- 
gether with a phenolic resin. 


oriented strand lumber (OSL): En- 
gineered wood product made 
from flaked wood strands that 
have a high length-to-thickness 
ratio and are combined with 
waterproof adhesive. 

orthographic drawing: A two- 
dimensional drawing used for 
making up prints. 

oscillating motion: Back-and-forth 
movement commonly used in 
some electric finish sanders. 

overhang: Part of the rafter that 
extends past the building line. 


overhead garage door: A garage 
door that swings or rolls up 
when opened. 


overlaid plywood: Plywood 
panel with factory-applied, 
resin-treated fibers on one or 
both sides of the panel. 

overlay door: Cabinet door de- 
signed to cover the edges of 
the face frame. 


With 1%” mark held even with end 
of board, make a mark at the 5’-6” 
mark on tape measure scale. 


oxyacetylene welding: Fusion 
process brought about by a 
welding flame applied to the 
edges and surfaces of metal 
pieces. Filler metal may also 
be added. 


palm nailer: Compact pneumat- 
ic tool used to drive fasteners 
for metal connectors. 


pane: Flat piece of glass cut to 
size for glazing a window. 

panel clip: Device used at the 
unsupported edges of panel 
roof sheathing. 


panel door: Door made of sunken 
panels fitted between vertical 
stiles and horizontal rails. Also 
called stile-and-rail door. 

paneling: Panels applied as a 
finish for interior walls. 

panelization: System for pre- 
fabricating walls, floors, and 
roofs in separate sections. 

panelized construction: Method 
widely used in manufactured 
housing. The basic units of this 
system are framed wall sections 
built in a factory. They are 
delivered to the job site where 
they are to be installed. 


paperless drywall: Panel prod- 
uct having a gypsum board 
core, and a front and back 
covered with fiberglass facing 
material. 

parallel-strand lumber: En- 
gineered lumber product 
manufactured from strands or 
elongated flakes of wood that 
are blended with a waterproof 
adhesive and cured under 
pressure. 

parapet: Low wall at the edge of 
a roof. 


parquet: Wood flooring design 
in which strips of wood are 
arranged in a square pattern 
with the grain running in the 


same direction. Grain patterns 
in adjacent squares run per- 
pendicular to one another. 

particleboard: Panel product 
produced by combining wood 
particles such as chips or 
flakes with a resin binder and 
hot-pressing them into pan- 
els. Also called flakeboard or 
chipboard. 

parting strip: Thin vertical piece 
of wood that separates the 
upper and lower sash of a 
double-hung window. Also 
called parting bead. 

partition: Interior wall. 


patented ties: Devices used to 
hold together opposite wall 
forms during the placement 
of concrete. 


patio: Outdoor paved area ad- 
jacent to a house, used for 
dining and recreation. 

pattern: Anything that is used 
to mark the dimensions of an 
item on a material in order 
to produce duplicates. For 
example, a pattern is used to 
lay out common rafters. 

peeler block: Section of a log 
from which strips of veneer 
are peeled off with a special 
lathe knife. 

penny: Measure of nail length. 
Abbreviated by the letter d. 

performance rated panel: Struc- 
tural wood panel that conforms 
to performance-based standards 
such as dimensional stability, 
bond durability, and structural 
integrity. 

perimeter: Outside boundary of 
an area. 

perlite: Natural volcanic glass 
material used as a lightweight 
aggregate in concrete and as 
loose fill insulation. 

perm rating: Measurement of water 
vapor flow through a material or 
a combination of materials. 

personal fall-arrest system: 
Safety system used to arrest 
(stop) a worker in a fall from 
a working level. 


personal protective equipment 
(PPE): Equipment used to 
protect against safety hazards 
on a job site. Includes protec- 
tive clothing, head protection, 
eye and face protection, hear- 
ing protection, hand and foot 
protection, back protection, 
knee protection, and respira- 
tory protection. 

phenol formaldehyde: Synthetic 
resin commonly used as a binder 
in reconstituted wood panels. 

Phillips-head screw: Wood screw 
with a cross slot in the head. 

pictorial drawing: Three-dimensional 
view that shows three sides of 
an object or structure. 

pier: Square, round, or battered 
concrete base set in the soil 
to directly support posts or 
columns. Also used to directly 
support grade beams. 

pier block: Wood piece anchored 
to the top ofa pier to providea 
nailing surface for the bottom 
of a post. 

pilaster: Column-like projection 
from a wall. It helps strengthen 
the wall and may also provide 
added support for a beam. 

pile: Long, slender concrete, steel, 
or wood structural member 
that penetrates through unsta- 
ble soil layers until it rests on 
firm soil. Piles provide support 
for grade beams or columns 
that carry the structural load 
of a building. 

pile-driving rig: Machine used 
for driving piles. 

pile shoe: Steel device attached 
to a pile tip to prevent the 
pile from breaking while it is 
being driven. 

pilot hole: Hole drilled to fa- 
cilitate driving a wood screw 
into wood. The diameter of 
the hole should be slightly 
smaller than the screw size. 

pin: Bolt-shaped device placed 
into the barrel of a hinge. It 
holds together the two leaves 
of the hinge. 


pitch: 1. Angle that a roof slopes 
from the outside walls of the 
building to the ridge of the 
roof. Expressed as a fraction. 
2. Resinous substance de- 
rived from the sap of various 
coniferous trees. 

pitch pocket: Opening that ex- 
tends parallel to the annual 
growth rings of a piece of 
lumber. It contains solid or 
liquid pitch. 

pitch streak: Visible accumulation 
of pitch in a piece of lumber. 
Differs from pitch pocket in that 
the pitch saturates the section 
of wood fiber. 

pith: Small, soft central core ofa 
tree trunk, branch, or twig. 


plainsawn lumber: Hardwood 
lumber cut out of a log so 
that the annual growth rings 
are at an angle of 45° or less 
to the wide surface of the 
boards. 


plank: Lumber over 1” thick and 
6” or more in width. 

plank flooring: Wood finish 
floor pieces ranging in width 
from 3” to 8” and in thickness 
from 94e" to 42”. They give a 
more traditional effect than 
strip flooring materials. 

planter strip: Area between the 
street curb and sidewalk where 
a lawn or other vegetation may 
be planted. 

plan view: Drawing in a set of 
prints that presents a view 
looking down on an object. 

plastic laminate: Product made 
of three or four layers of plas- 
tic material bonded together 
under high heat and pressure. 
Used to surface countertops, 
wall surfaces, shelving, cabi- 
nets, etc. 

plate: One ofthe horizontal pieces 
at the top and bottom of framed 
walls to which the upright wall 
members are fastened. 

plate level: Carpenter's level with 
an extendable arm to provide a 
longer reach for the level. 
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exterior wall is slightly irregular. 


SNAPPED LINE 
SSS 


190 S 


Se 
482" 


platform framing: Framing 
method in which each story 
of the building is framed as 
a unit consisting of walls, 
joists, and a subfloor. The 
subfloor acts as a “platform” 
for the construction of the 
story above. Also called west- 
ern framing. 

plot plan: Plan included in a set 
of prints showing the size of 
the lot, location ofthe building 
on the lot, grades, and all other 
information needed to perform 
work required before construc- 
tion of the foundation begins. 

plumb: Exact vertical and per- 
pendicular line. It would 
be at a 90? angle to a level 
plane. 

plumb bob: Cone-shaped metal 
weight fastened to a string 
to plumb an item. Force of 
gravity on the weight causes 
string to hang in true vertical 
plane (plumb). 

ply: Single veneer sheet used to 
manufacture plywood. 

plywood: Product made of wood 
layers (veneers) glued and 
pressed together under high 
heat and pressure. 

pneumatic tool: A tool powered 
by compressed air. 
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Placing Subfloor Panels. II i 


A method for ensuring the first row of floor panels is set in a straight line even if 


HEADER 
JOIST 


EXTERIOR 
WALL 


Measure back from exterior wall 1⁄4” to 12” more than the width of subfloor panel. 
Snap chalk line and set edge of panel to snapped line. 


END VIEW 


pocket sliding (recessed) door: 
Sliding door suspended from 
a track by roller-type hangers. 
When opened, it slides into a 
cavity prepared in the wall. 


pole construction: Method in 
which pressure-treated poles 
are sunk into the ground to 
provide the foundation and 
basic anchor for the frame- 
work of a building. 


polyurethane: Chemical mate- 
rial used in construction 
adhesives and foamed-in-place 
insulation. 

ponding: Curing a concrete slab by 
flooding its surface with water. 

portland cement: Ground and 
calcined (heated) mixture of 
limestone, shells, cement rock, 
silica sand, clay, shale, iron 
ore, gypsum, and clinker. 

positive-placement nailer: 
Specialized pneumatic nailer 
designed specifically for driv- 
ing nails for metal connectors. 


post: Upright member used to 
support beams or girders. 

post-and-beam construction: 
Type of construction in which 
the basic framework of the 
building consists of vertical 
posts and horizontal or slop- 
ing beams. 


post base: Metal strap or other 
type of device set into the tops 
of concrete piers or walls. Its 
purpose is to provide an anchor 
for the bottoms of wood posts. 


post cap: Metal device used to 
strengthen the tie between 
the top ofa wood post and the 
girder above. 

post-tensioning concrete mem- 
bers: Procedure of stretching 
and anchoring the cables 
used for prestressed concrete 
members after the concrete 
has hardened. 


pour strip: Strip of wood tacked 
inside one of the form walls to 
indicate the height to which the 
concrete should be poured. 

powder-actuated tool: Tool with a 
powder-filled round (shell) that 
shoots a drive pin or stud into 
hard surfaces such as concrete, 
masonry, and steel without pre- 
drilling holes for anchors. 


powder load: Metal casing that 
contains a powder propellant 
and is crimped closed on the 
end and sealed, and used to 
drive powder-actuated fasteners 
into a surface. 


power buggy: Power-driven ve- 
hicle driven by an operator 
to carry fresh concrete to the 
place on the job site where it 
is to be poured. 


pozzolans: Admixtures that under 
certain conditions have cement- 
ing properties and can be used 
as a partial replacement for ce- 
ment in the concrete mix. 

precast concrete: Concrete struc- 
tural members that have been 
cast and cured in a casting 
yard or factory and are then 
delivered to the job site. 

prefabricated building unit: 
Building unit constructed or 
built in a manufacturing facil- 
ity and delivered to a job site. 

prefabrication: Construction of 
building members or units in 
a yard or factory. 


preferred angle: Most comfortable 
walking angles of a stairway. 


prefinished materials: Panels, 
boards, and other types of 
building materials that have 
received finish coats of paint, 
stain, or sealer on their appear- 
ance sides at the factory before 
delivery to the job site. 


prehung door: Prefabricated door 
unit. It usually consists of a 
door already hung in the jamb, 
with bored lock holes and pre- 
fitted stops and casing. 


preservative: Substance applied 
to or injected into wood to pro- 
tect it from fungi and insects. 


pressure treatment: Process of 
treating lumber with chemi- 
cal preservatives by applying 
strong pressure to the pieces 
placed inside a tank. 


prestressed concrete: Precast 
concrete that is reinforced 
by high-tensile steel cables 
placed under great tension. 


pretensioning: Procedure of 
stretching the cables used for 
prestressed concrete members 
prior to placing the concrete 
in a casting bed. 

prism: Reflective target for a 
total station instrument that 
receives the infrared beam 
from the instrument. 

property lines: Recorded, le- 
gal boundaries of a piece of 
property. 

protective helmet: Hat made of 
plastic or metal that protects 
a worker from injury caused 
by falling objects. Also called 
hard hat. 

pueblo revival architecture: Archi- 
tectural style which is a blend of 
Native American, Hispanic, and 
Anglo building traditions. 

pump jack scaffold: Type of scaf- 
folding consisting of 4 x 4 
uprights and platforms support- 
ed by bracket devices that can be 
raised by a pumping action. 

purlin: Horizontal timber held 
in place by braces. It is placed 
beneath the roof rafters at an 
intermediate point between 
the ridge and outside wall. 


push bar: Device used to open 
a hopper window and hold it 
in a fixed position. 

pushbutton: Device located 
inside the knob of a cylindri- 
cal lock. When pushed in, it 
locks the door. 

push plate: Metal or plastic plate 
fastened to the lock side face 
of a door. Mounted at arm 
level, it protects the door from 
wear. Used most often on 
doors in public buildings. 

putlog: Horizontal truss that 
extends between two separate 
scaffolds. Also called bridge 
or trestle. 


© 


quarter round: Trim molding 
with a quarter-circle profile. 

quartersawn lumber: Lumber 
produced by quartering a hard- 
wood log lengthwise, then 
cutting boards out of each 
section. 
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rabbet: Groove cut along the 
edge of a piece of lumber. 

rabbet joint: Joint formed at the 
ends of two pieces that have 
been rabbeted. 

radial arm saw: Stationary 
power saw typically used to 
crosscut lumber to length, but 
can also be set up for ripping 
and angled cuts. 

radiation: Transfer of heat through 
space. 

rafter: Sloped structural roof 
member that supports roof 
sheathing and roof loads. 

rafter tables: Tables found on 
the blade of a framing square. 
Used to compute the lengths 
of roof rafters. 


rail: Horizontal piece ofa panel 
door frame. 

rainscreen wall: Moisture- 
management system that 
incorporates a vented or porous 
exterior finish, an air cavity, a 
drainage plane, and an airtight 
interior support wall. 

rake end: Overhang construction 
at the end of a gable roof. 

ramp: Sloping runway from a 
lower to a higher level for 
passage of workers and mate- 
rials on a construction job. 

ready-mixed concrete: Concrete 
mixed at a batch plant and de- 
livered by truck to the job site. 

reamer and bucket: Device used 
for drilling large-diameter holes 
for caissons. The reamer is situ- 
ated within the drilling bucket 
and digs into the ground with 
a revolving movement. 

reciprocal motion: Up-and-down 
motion such as the action of 
the projecting blade of a recip- 
rocating saw. 

reciprocating saw: Multipur- 
pose cutting tool in which the 
blade reciprocates (quickly 
moves back and forth) to cre- 
ate the cutting action. 

reconstituted wood: Wood prod- 
ucts made up of particles, 
flakes, or strands hot-pressed 
and bonded together into 
panel-sized sheets. 

reflective insulation: Insulation 
materials that reflect heat 
rather than absorb it. 

register: Grilled frame through 
which heated or cooled air is 
released into a room. 

reinforced concrete: Concrete that 
contains steel reinforcement 
(rebar) or fiberglass reinforcing 
rod to strengthen it. 

reinforcing bars: Deformed steel 
bars placed in concrete to in- 
crease its ability to withstand 
weight and pressure. They 
also help tie together struc- 
tural concrete members. Also 
called rebar. 
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resawn lumber: Lumber pieces 
run through a special bevel 
saw to produce a coarse, tex- 
tured pattern. 


residential construction: Struc- 
tures in which people live, such 
as houses, condominiums, and 
apartment buildings. 


residue: Waste portion of a log 
(chips, bark, trimmings, shav- 
ings, sawdust) after the log 
has been cut into lumber at 
a sawmill. 


resilient channel: One ofthe met- 
al pieces nailed across wood 
studs or joists to which drywall 
material is fastened. They help 
break the sound vibration path 
through a wall or floor. 

resilient tile: Type of floor tile 
that yields when pressure is 
applied, then returns to its 
original position. 

resin: Sticky material obtained 
from the sap of certain trees, 
especially pine and fir spe- 
cies. Resins are often used 
in making varnishes, paints, 
plastics, and adhesives. 

respiratory protection: Device 
worn over the mouth and nose 
to protect workers from inhal- 
ing dangerous dusts or fumes. 

retaining wall: Masonry or wood 
wall constructed to hold back 
a bank of earth. 

retarder: Admixture added to 
concrete to delay the stiffen- 
ing of the concrete. 

reveal: Space (%” to %6” typical) 
along the edge of a door casing. 
Creates a better appearance 
and puts the casing out of the 
way of the door hinges. 

ribband: Piece of lumber, 1" x 4”, 
laid flat and nailed to the tops 
of ceiling joists. It is placed at 
the center of the spans and 
helps prevent twisting and 
bowing of the joists. 

ribbon: In balloon framing, nar- 
row board notched into studs 
to support joists. 

ridge: Highest point at the top of a 
roof where the roof slopes meet. 
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ridge beam: Beam that is placed be- 
tween or below the roof beams 
in post-and-beam construction. 

ridge board: Horizontal board or 
plank placed at the ridge of a 
roof, to which the upper ends 
of the rafters are nailed. 

ridge plumb line: Marking for the 
plumb cut made at the ridge 
end of a roof rafter. 

riftsawn: Sawing method in which 
a log is first quartered length- 
wise. Lumber is cut from each 
quartered section, with the cuts 
made at a 30? or greater angle to 
the annual rings. 

rigging: Securing equipment or 
materials in preparation for 
lifting by means ofrope, cable, 
chain, or web sling. 

rigid foam insulation: Foam 
insulation consisting of poly- 
urethane and polystyrene foam 
or fiberglass strands pressed 
into panels. Rigid foam insula- 
tion has a higher R value per 
inch ofthickness than any other 
type of insulation. 

rim board: Plywood, oriented 
strand board, glulam timber, or 
laminated veneer lumber used 
to tie together wood I-joists. 

rim track: Metal framing mem- 
ber used to tie together the 
outer ends of the metal joists. 
Serves the same purpose as a 
header joist in wood-frame 
construction. 

rip: Cut made lengthwise in a 
wood member, parallel to the 
grain. 

rip blade: Blade with flat-faced 
teeth shaped like a chisel. It is 
used with power saws to rip 
in the direction of the grain. 

ripping: Cutting with a saw 
in the same direction as the 
wood grain. 

ripsaw: Handsaw designed to cut 
with the wood grain. Ripsaw 
teeth are shaped like chisels, 
to be effective for cutting with 
the wood fibers. 


rise: Vertical measurement. 


riser: Piece forming the vertical 
face of a step. 

roller hanger: Wheel-like device 
used to suspend and move 
sliding doors along tracks at- 
tached to the head jamb. 


roof beam: Beam that is part of 
the roof structure of a post-and- 
beam building and to which 
the roof decking is nailed. 


roof truss: Prefabricated struc- 
tural roof unit made of top and 
bottom chords tied together 
with web members. The top 
chord acts as a roof rafter and 
the bottom chord serves as a 
ceiling joist. 

rope grab: Deceleration device 
that travels on a lifeline. 


rotary hammer: Electric tool with 
cutting bit that is rotated and 
moved with percussive action 
to bore into hard material. 


rough lumber: Lumber hat has 
not been dressed (surfaced) 
but has been sawed, edged, 
and trimmed. 

rough opening: Framed open- 
ing in a wall into which a 
finished door or window unit 
will be placed. 

rough sill: Horizontal piece nailed 
across the bottom of a rough 
window opening. 

rough-terrain forklift: Heavy- 
duty lift truck designed to 
traverse the rough terrain 
of construction sites and 
transport and place materials 
where they are required. 

rubber tile: Resilient floor tile of 
synthetic materials or natural 
rubber combined with min- 
eral fillers. 


run: Horizontal measurement. 


runway: Temporary platform- 
like structure that provides 
passage for workers and mate- 
rials on a construction job. 

R value: Measure of the effective- 
ness of a material to provide 
thermal insulation. Higher R 
values indicate greater insu- 
lating capabilities. 


saddle: Structure with a ridge 
sloping in two directions 
that is placed between the 
back side of a chimney and 
the roof sloping toward it. 
Its purpose is to divert water 
away from the chimney. Also 
called cricket. 


safety goggles: Device made 
of specially treated glass or 
plastic worn over the eyes 
to protect the worker from 
eye hazards caused by flying 
particles. 

safety net: A meshed net some- 
times used when safety belts 
and lifelines are impractical, 
and placed below a work area 
that is 25' or more above the 
ground, water surface, or a 
floor below. 

sandpaper: Heavy paper with 
abrasive materials (garnet, 
emery, flint, etc.) glued to one 
side. Used with a hand sand- 
ing block or electric sander to 
smooth wood surfaces. 

sap: Watery fluid that circulates 
through a wood plant carry- 
ing food and other substances 
to the tissues. 

sapwood: Pale-colored living 
wood near the outside of a 
tree trunk. 

sash: Wood or metal frame into 
which glass panes are set. 

sash lift: Hooked or bar device 
fastened to the lower window 
of a double-hung window 
unit. It acts as a handhold 
for lifting and lowering the 
window. 

sash lock: Device attached to 
a window sash for locking 
purposes. 

sash weight: Weight used to bal- 
ance the sash so that it will 
remain in any vertical posi- 
tion when opened. Not used 
in new construction. 


sawhorse: Portable work bench 
used by carpenters. It consists 
of a top piece supported by 
legs and tied together with 
end pieces. 


sawmill: Plant where lumber is 
manufactured from wood logs. 


scaffold: Temporary, braced plat- 
forms set up around build- 
ings to enable carpenters to 
complete work that is out of 
reach from the floor or ground 
level. 


scale drawing: Drawing in which 
inches or inch-fractions repre- 
sent one foot of the actual 
measurement of a building. 

scarf joint: Splice made by 
notching and lapping the ends 
of two pieces of timber. Also, 
end joint made by overlapping 
two pieces of molding with 
45? angle cuts. 

schedule: Detailed list on a print 
that provides information 
about building components 
such as doors, windows, 
and mechanical equipment. 
Numbers and/or letters on the 
print refer to the schedule. 


scissors truss: Roof truss design 
featuring ceilings that slope 
up from the walls to the cen- 
ter of the span between the 
walls. 

screeding concrete: Leveling 
newly placed concrete. Also 
called striking off. 

screed: A piece placed across 
the tops of sidewall forms 
and used to strike off the 
concrete. 


screed rail: Temporary wood or 
metal pieces positioned in an 
area where a concrete slab is 
to be placed. The tops of these 
pieces are set to the finish sur- 
face of the concrete. 

screed support: Adjustable metal 
device that supports a screed 
rail. 

screw anchor: Light-duty an- 
chor for fastening materials 
to hollow walls. 


scribe strip: Thin piece fitted 
against a wall to cover the 
space between an end cabinet 
and the wall. 


scribing: Process of fitting the 
edge of a trim piece against 
an irregular surface. 


scuttle: Small opening with a 
removable lid located in a 
ceiling below an attic to allow 
access into the attic. 


sealant: Flexible material used to 
prevent air and water infiltra- 
tion into a building. Common 
sealants include silicone, 
acrylic, and urethane. 


seasoning lumber: Process of 
removing moisture from un- 
seasoned lumber prior to 
marketing. 


seat cut: Horizontal cut at the lower 
end of a rafter where the rafter 
rests on top of the wall plate. 


| ‘Altering Dovetail 
‘Saw to Cut Holes in 
Thin Materials 


A dovetail saw can be altered by 
cutting an angle at the end of the 
blade with a hacksaw. This makes it 
possible to start and finish neatly 
cut holes in thinner material such as 
'4" paneling. 


CUT OFF — 


p | 


ALTERED DOVETAIL SAW 


Start cut by holding saw at a low 
angle. Raise angle of saw when 
completing cut. 
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second: Unit of measurement 
of an angle equal to Yo of a 
minute. (A minute is Yo of a 
degree.) 

section view: Drawing of a ver- 
tical or horizontal cut made 
through a part ofa building. It 
gives information about both 
the interior and exterior of the 
structure or object. 

segregation: Separation of 
sand-cement ingredients 
from gravel due to improper 
placement of the concrete. 

seismic risk zone: Area of the 
Earth's surface where the 
conditions for earthquakes 
exist. 

self-drilling anchor: Heavy- 
duty anchoring device used 
to fasten material to concrete. 
It is driven by a rotary ham- 
mer. Sharp teeth at the end of 
the device drill the hole. The 
anchor is then secured with 
an expander plug. 

self-drilling screw: Screw that, 
when driven into thinner 
metals, will drill a hole, cut 
threads, and fasten in one 
Operation. 

self-piercing screw: Screw with 
a sharp point capable of pen- 
etrating and tapping thin 
metal. 

self-retracting lifeline: Type of 
vertical lifeline that contains 
a line that can be slowly 
extracted from or retracted 
to the drum under slight ten- 
sion. When a worker falls, the 
drum automatically locks and 
arrests the fall. 


self-tapping screw: Screw that, 
when driven into a prepared 
hole in thinner metals, will 
cut threads and fasten in one 
operation. 

semiconcealed hinge: Small 
hinge similar in appearance 
to a loose-pin butt hinge. An 
offset on one leaf makes it 
possible to screw the leaf into 
the back of a door. 
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serrated-blade forming tool: 
A tool with a cutting action 
carried out with a steel blade 
containing hundreds of pre- 
set razor-sharp teeth that cut 
like chisels. Holes between 
the teeth permit the passage 
of shavings. 


service door: Usually a rear-entry 
exterior door. 

service stairway: Stairs that 
serve noninhabited areas of 
a house such as a basement 
Or attic. 

service walk: Walkway that 
extends from a driveway or 
sidewalk to the rear entrance 
of a building. 

set: Offsetting of the teeth of a 
handsaw to one side or another 


to provide a kerf that is wider 
than the blade thickness. 


set-retarding admixture: Sub- 
stance added to concrete to 
extend its setting time. Also 
called retarder. 


set of saw: Angle at which saw 
teeth are alternately bent 
from side to side. Helps pre- 
vent binding while cutting 
wood. 

shake: 1. Type of shingle split 
from red cedar logs. It gives a 
more rustic appearance than 
regular shingles. 2. Lumber 
defect caused by a lengthwise 
separation of the wood, usu- 
ally between or through the 
annual growth rings. 

shank: Body of a nail or screw. 
The shank is the part driven 
into wood. 

shear wall: Wall designed to resist 
lateral forces due to earthquake, 
wind, or other causes. A shear 
wallis often created by placing 
performance-rated panels on 
one or both sides. 

sheathing: Panels or boards 
placed on the outside of an 
exterior framed wall or roof 
to provide greater insulation, 
strength, and a nailing base 
for finish materials. 


sheathing paper: Layer of water- 
resistant paper applied over 
board sheathing or, where no 
sheathing is used, directly on 
stud walls. It is placed before 
the siding is nailed in place. 
Also called building paper. 

shed roof: Roof that slopes in 
only one direction. Also called 
lean-to roof. 

sheet piles: Piles that interlock 
with each other and are not 
intended to carry vertical 
loads. Their primary purpose 
is to resist horizontal pres- 
sure, and they are frequently 
used around excavations. 

shielding: Use of a portable 
protective device capable of 
withstanding cave-in forces 
in trenches. 

shim shingle: A narrow strip, usu- 
ally cut from cedar shingles, 
used to plumb and straighten a 
door jambs or furring strips. 

shingle panel: Panel to which 
one or two courses of shingles 
or shakes are bonded. 

shiplap siding: Boards rabbeted 
on both edges so that when 
laid edge to edge they make 
a half-lap joint. 

shock-absorbing lanyard: Personal 
fall-arrest lanyard with a spe- 
cially woven, shock-absorbing 
inner core to reduce fall arrest 
forces. 

shore: Wood timber or metal 
device placed in a vertical, 
horizontal, or angled position 
to provide temporary support. 

shoring: System used to prevent 
the sliding or collapse of the 
earth banks around an excava- 
tion. Also, temporary bracing 
against a wall or beneath any 
type of structure that exerts 
weight from above. 

shortened valley rafter: In an 
intersecting roof with unequal 
spans, the shorter valley rafter 
extending from an intersecting 
corner of the building. The top 
end butts against the support- 
ing valley rafter. 


shortening: Process of deduct- 
ing an amount from the ridge 
plumb line of a common 
rafter equal to one-half the 
thickness of the ridge. In the 
case of hip and valley rafters, 
or rafter jacks butting against 
a rafter, the deduction is one- 
half the 45? thickness. 


shutter: Louvered or flush rect- 
angular panels located at each 
side of a window. They may 
be hinged in order to close 
over the windows as added 
protection against weather. 
Often they only serve a deco- 
rative purpose. 

side: Widest dimension of a 
piece of lumber. 

side cut: Angle cut where a hip or 
valley rafter comes up against the 
ridge of a roof. It is also formed 
where jack rafters are nailed 
against hip or valley rafters. 

sidelap: Area where materials 
(shingles, underlayment felt, 
etc.) lap over each other at the 
side edges. 

sidewalk: Walkway that extends 
along a street and borders the 
building lot. 

sidewall: Outside wall of a building. 

side yard: Distance from the proper- 
ty line to the side of a building. 

siding: All types of exterior board, 
panel, and shingle wall cover- 
ing applied by carpenters. 

siding story pole: Rod upon which 
the layout of the siding boards 
can be determined in relation to 
the finish window openings. 

sill: Slanted piece at the bottom of 
the finished window frame. 

sill anchor: Anchor bolt positioned 
in a concrete form at the time 
the concrete is being placed. Its 
purpose is to fasten the sill plate 
to the top of the wall. 

sill pan: Preformed polyvinyl 
chloride (PVC) plastic flashing 
used at the base of window 
and door openings to direct 
water that may have penetrat- 
ed in or around the frames to 
the outside. 


sill plate: Wood plate fastened 
to the top of a foundation 
wall. It provides a nailing 
base for floor joists or studs. 
Also called mudsill. 


silt: Earth material consisting of 
fine mineral particles that are 
midway in size between sand 
and clay. 

SI metric system: Decimal mea- 
surement system based on the 
kilogram and kilometer. 

single coursing: Applying wood 
shingles to a sidewall in a 
single layer. 

single-ply membrane: Roofing 
material made of flexible 
sheets of combined synthetic 
plastic materials. Attached to 
wood and steel decks with fas- 
teners or specified adhesives. 


site: Location of a construction 
project. 

skylight: Opening in a roof or 
ceiling covered with glass 
or transparent plastic to pro- 
vide light in the space below. 
Sometimes also used for 
ventilation. Some types are 
called roof windows. 


slab-at-grade foundation: Foun- 
dation system that combines 
concrete foundation walls 
with a concrete floor slab 
that rests directly on a bed of 
gravel that has been placed 
over the ground. Also called 
slab-on-grade. 

slat: Narrow strip of wood or 
metal. 


slate: Gray-blue colored rock used 
as a finish roof covering. 


Fitting Board Siding Butt Joints 1 


A method for squaring and cutting butt joints. 


Square, cut, and place first piece of 
siding on stud wall. 


Hold blade of combination square 
against square cut end of first piece 
of siding. 


Place butt end of second piece of 
siding against squared end of first 


SECOND 


Mark second piece with pencil on 
other side of square blade. 
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sleeper: Wood strips fastened to 
a concrete slab to provide a 
nailing base for wood finish 
flooring. 

sleeve: Metal or fiber cylinder 
set inside a form before the 
concrete is placed. It provides 
a hole for the passage of pipes 
or other objects through the 
finished concrete wall. 


sleeved dowel system: Self- 
adjusting ties between two 
concrete walls, allowing 
movement caused by expan- 
sion and contraction. 


slip form: Forming system that 
moves continuously upward 
while the concrete is being 
placed. 

slope diagram: Small triangle on a 
set of prints indicating the unit 
rise and unit run of a roof. 

slump: Measure ofthe consisten- 
cy of freshly mixed concrete. 


slump test: Test taken at the time 
concrete is placed to measure 
the consistency (slump) ofthe 
concrete. 


snap bracket: Wedge used with 
snap ties in a single-waler 
form system. 


snap lock: Surface-mounted lock- 
ing device sometimes used with 
hopper windows or bottom- 
hinged cabinet doors. It snaps 
into a locking position when the 
door or window is shut. 

snap tie: Patented tie system 
with cones acting as spreaders. 
Grooved breakbacks are pro- 
vided for breaking off the ends 
of the ties extending from the 
hardened concrete wall. 

soffit: Underside of a building 
member such as a cornice, 
arch, beam, staircase, etc. 


softwood lumber: Lumber that 
comes from coniferous (ev- 
ergreen) tree species. Most 
of these trees have needle- 
shaped leaves. 

soil auger: Large device pow- 
ered by a drilling rig for the 
purpose of boring pier holes 
into the ground. 
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solar heat gain coefficient: Mea- 
sure used to indicate how 
well a window unit blocks 
heat caused by sunlight. 

solar heating system: Heating 
system that uses a collector to 
absorb solar energy. Distribu- 
tion and storage components 
are also required. 


solar house: Building designed 
with large south-facing glazed 
areas to collect and store solar 
energy. 

soldier piles: Steel members driv- 
en into the ground for shoring 
around excavations. They 
are driven at intervals and 
wood planks called lagging are 
placed between the piles. Also 
called soldier beams. 


sole plate: Horizontal piece at 
the base of a framed wall to 
which the bottoms of the up- 
right members are nailed. Also 
called bottom plate. 

solid beam: Beam made of one 
piece of timber. 

solid blocking: Wood pieces, the 
same thickness and width as 
the joists, placed between the 
joists to stiffen and hold the 
joists in position. 

solid board paneling: Solid 
wood boards, usually 34" thick 
and 8" to 12" wide, applied as 
a finish for interior walls. 

solid-core door: Flush doors with 
a solid core, usually consisting 
of staggered wood blocks. 

solid-surface countertop: Coun- 
tertop manufactured from 
composite resin material. Very 
durable and stain-resistant. 

sound transmission coefficient 
(STC): Rating for the sound 
transmission performance of 
a wall or ceiling system. 

spacer strip: Strip placed un- 
derneath the bottom edge of 
the first row of bevel siding. It 
should be the same thickness 
as the thin edge of the siding. 

span: Horizontal distance be- 
tween supports for joists, 
beams, and trusses. 


specifications: Written docu- 
ment included with a set of 
prints clarifying the working 
drawing and supplying ad- 
ditional data. 

Speed? Square: Triangular 
shaped layout tool used for 
roof rafter layout. Also re- 
ferred to as a pocket square. 


splash board: Board placed 
at the top of a form on the 
side opposite to where the 
concrete is being placed. Its 
purpose is to prevent the 
concrete from spilling over 
the opposite side. 

spline: Thin strip of wood placed 
into mortises or grooves that 
have been cut in boards where 
they are being joined together. 


split: Separation of wood fibers 
across the annual rings and 
extending entirely through a 
piece of lumber. 

split jamb: Type of jamb used 
with adjustable pre-hung door 
units. The jamb comes in two 
halves and can be adjusted for 
the width of the wall. 


Making Square Cuts 


A method for squaring and cutting 
posts that have been set in place. 


a 
4 


CLEATS“ 
NAILED 


WWW RESTS ON 
Hill CLEATS 
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| | 


Square lines all around post. Align 
and nail cleats on two opposite sides. 
Rest saw on cleats while making cut. 


spot clinching: Method for joining 
two metal framing members. 
Provides a strong connection 
without the use of mechanical 
fasteners. 


spreader: Wood or metal piece 
placed between form walls to 
assure that the finished con- 


crete wall will be the correct 
thickness. 


spreader bar: Rigging device used 
to distribute weight while lift- 
ing wide frames, such as trusses 
or building walls, by crane. 

spread footing: Wide base placed 
beneath a foundation wall. It 
spreads the load over a greater 
ground area. 

spread foundation: Foundation 
consisting of a spread footing 
with a keyway and an inde- 
pendently placed foundation 
wall erected on it. 

spring balance: Coiled spring 
device used to control the 
up-and-down movement of 
double-hung window sashes. 

spring hinge: Self-closing door 
hinge operated by a coil mech- 
anism in the barrel. Used most 
often with doors installed in 
public buildings. 

springwood: Portion of a tree 
trunk's annual growth ring 
that is formed during the ear- 
ly part of the season's growth. 
It is usually weaker and less 
dense than summerwood. 

squash block: Dimension lumber 
of rim board used to carry a 
point load that would other- 
wise bear directly on a wood 
I-joist, such as when a post is 
installed directly over another 
post on a lower level. Typically 
installed in pairs to allow even 
distribution of a load. 


stack effect: Uncontrolled air- 
flow based on the principle 
that warm air rises. 


stack-cast slabs: Series of con- 
crete slabs cast directly on 
top of each other. A resin- 
type compound is used as 
a bond-breaker to prevent 


the slabs from adhering to 
each other. 


stair flight: Section of stairs go- 
ing from one floor or landing 
to another. 


stair landing: Platform between 
one flight of stairs and another. 


stair story pole: Rod upon which 
the total number of risers for 
a stairway is marked off. It is 
checked to see if adjustments 
are necessary for the exact 
riser height. 


stairway: Complete set of steps 
or series of flights extending 
from one story of a structure to 
another. Includes treads, risers, 
landings, handrail components, 
and structural supports. 


stairwell: Space in which the 
flights of a stairway are placed. 


staple: U-shaped metal fastener 
driven by manually operated 
or pneumatically powered 
stapling tools. Used for many 
fastening operations in con- 
struction work. 

starter course: First course of 
sidewall wood shingles. It is 
usually doubled even if single 
coursing is used for the rest 
of the wall. 


starting newel post: Post that 
supports a handrail at the 
bottom of a stairway. 

stepped foundation: A foundation 
system used on sloped and hill- 
side lots. The walls and footings 
are shaped like steps. 

stick-built: Refers to a building 
that is constructed piece by 
piece on a job site rather than 
using modular or panelized 
construction. 

stickers: Wood boards placed 
between layers of lumber in 
a lumber pile to allow air to 
circulate. 

stiffleg: Piece used as a temporary 
shore to help hold an upper 
wall cabinet in position while it 
is being fastened to the wall. 

stile: Vertical pieces of a panel 
door frame. 


stock plans: Existing plans that 
can be purchased from con- 
cerns that produce a variety 
of working drawings for home 
construction. 


stool: Trim piece usually notched 
over the interior sill edge of 
a traditionally finished win- 
dow opening. 

stop: Device with a soft tip that 
is fastened near the bottom of 
a door or into the wall base of 
the floor. It prevents the door 
from hitting against the wall 
when fully opened. 


storm door: Additional, exterior 
door installed during the win- 
ter for added protection against 
cold and wet weather. 


storm window: Additional, remov- 
able window installed during 
the winter for added protection 
against cold and wet weather. 


story: Section of a building that 
runs from one floor to another 
floor or a roof. 


Straightening Bowed 


A method for straightening an 
occasional bowed stud that may 
have been nailed into a framed wall. 


Cut V-shaped 
notch partially 
through stud at 
point of greatest 
b 


Apply pressure 
against stud and 
drive a toenail, 
closing up 
V-shaped notch. 
A gusset can be 
nailed to one 
side for greater 
stability. 
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stove bolt: Bolt with a slotted 
flat or round head. Usually 
used for lighter work. 

straightedge: Long wood or 
metal piece with straight and 
parallel edges used to check 
and set surfaces to a straight 
line. Also used with a hand 
level for plumbing. 

straight-flight stairway: Stair- 
way that runs in a direct line 
from one floor to another. Also 
called straight-run stairway. 

strap hinge: Hinge with long 
plates that is surface-mounted. 
Used with heavy doors or a 
gate. 

stressed-skin panels: Structural 
units used in floor, wall, and 
roof systems. They are made 
of plywood panels nailed and 
glued to 2 x 4s. 

strike board: Straightedge used 
for screeding concrete. 

strike plate: Metal piece mortised 
into a door jamb. It receives the 
latch bolt when the door is in 
a closed position. 


stringer: 1. Timber placed on 
top of shores to support the 
joists and panels of a deck 
form. 2. Sloping members 
that provide the main sup- 
port for the treads, risers, and 
other parts of a staircase. Also 
called carriage or strings. 

strip flooring: Wood finish floor 
pieces ranging in width from 
1%” to 34%” and in thickness 
from %46” to 232”. 


stripping forms: Removing forms 
from a structure after the con- 
crete has adequately cured. 


strongback: 1. Piece of 2 x 4 
nailed to a wider plank and 
also fastened down to the tops 
of ceiling joists at the center 
oftheir spans. The strongback 
keeps the joists in alignment 
and provides central support. 
2. Piece placed in back of and 
across walers to reinforce and 
stiffen a form. Also called 
stiffback. 
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structural insulation panel 
(SIP): A structural member 
consisting of a thick layer of 
rigid foam insulation pressed 
between two oriented strand 
board or plywood panels. 

structural steel framing: Steel 
framing method that involves 
the use of bolted or weld- 
ed connections to form the 


framework ofa structure. Also 
referred to as red iron steel 
framing. 

stub joist: One of the short joists 
running at right angles from 
a regular joist to an outside 
wall. This may occur under 
some roof sections when the 
rafters and ceiling joists do not 
run in the same direction. 


Lining Up Form Stake Bottoms 


A method for locating the bottom points when driving stakes for form walls. 


Set and plumb stake to 
the line 8' to 10’ apart. 


P 


DRIVE AND PLUMB 
TWO 2 x4 STAKES y 
ji STRETCHED 


BUILDING LINE 


STAKE 
STRETCHED 


^ STRAIGHT 
1x6 BOARD 


Align and drive intermediate 
stakes by holding bottoms 
of stakes against 1 x 6 and 
tops of stakes touching 
stretched line. 


stucco: Exterior finish material 
composed of cement, sand, 
lime, and water. 


stud: 1. Upright wood or steel 
member that extends from the 
bottom to the top plates of a 
framed wall. 2. Device usually 
driven into concrete with a 
powder-actuated tool. One 
end is a nail that is embedded 
in the concrete. The other end 
is a threaded bolt that receives 
the nut used to secure the ob- 
ject being fastened. 


subcontractor: Licensed indi- 
vidual or firm that can enter 
into legal contracts to do work 
such as painting, electrical 
work, plumbing work, plaster- 
ing, sheet-metal work, etc. 


subdivision map: Map show- 
ing the established lots of a 
section of a city or township. 
The dimensions of each lot 
are given and the necessary 
property setbacks. 


subfascia: Horizontal pieces the 
same thickness and width 
as the roof rafters. They are 
nailed to the tail ends of the 
rafter overhangs and covered 
with finish fascia material. 


subfloor: Consists of structur- 
ally rated panels or boards 
fastened to the tops of the 
floor joists. It provides a base 
for the finish floor materials. 

summerwood: Portion of a 
tree trunk's annual growth 
ring that is formed after the 
springwood is formed. It is 
usually stronger and denser 
than springwood. 

sump: Pit located in the base- 
ment floor to collect and 
drain off water. Also called 
sump well. 

sump pump: Water pump placed 
in a sump to pump out water 
collecting in the well. 

supporting valley rafter: In 
an intersecting roof with 
unequal spans, the longer 
valley rafter extending from 


one intersecting corner of the 
building to the main ridge. 


surfaced lumber: Lumber that 
has been smoothed in a plan- 
ing mill. Also called dressed 
lumber. 


surface hinge: Hinge with leaves 
that are mounted to the face 
frame and the face of the 
door. 


surface water: Water from rain 
and melting snow that stays 
on the ground surface. 


survey point: Small nail driven 
into the top of a corner stake 
(hub) to identify the exact 
corner of the property. 

suspended ceiling: Ceiling made 
of a light metal grid hung by 
wire from the original ceiling. 
Ceiling tiles are dropped into 
the grid frame. 


swale: One of the slopes re- 
quired on a lot to ensure 
water drainage away from the 
building. 

symbol: Pictorial representa- 
tion of a structural or materi- 
al component used on prints; 
commonly standardized. 

systems scaffold: Type of scat- 
fold with nodes welded to the 
posts and bearers for attach- 
ment of braces and railings. 


table saw: Stationary power 
saw used for straight saw- 
ing. It is of great value in 
interior finish work such as 
cutting paneling and trim 
materials. 


tag line: Rope attached to a large 
member being placed by crane 
to help guide the member into 
position. 

tail cut: Cut at the tail end of a 
rafter overhang. 

tail joist: One of the members 
that run from the header to a 
supporting wall or girder in a 
floor or ceiling opening. 

tangential cut: Type of cut pro- 
duced in plainsawn or flat- 
grained lumber. 

taper-ground saw blade: Saw 
blade that is thinner at the top 
edge than at the cutting edge. 
The taper helps prevent bind- 
ing while sawing wood. 

T-beam: Precast, prestressed 
concrete beam shaped like a 
T and suitable for spanning 
longer distances than con- 
ventionally shaped precast 
beams. 


Supporting Members While Nailing H 


£^ method for nailing headers and other structural members more easily. 


Drive nails partially into ends of 
structural members and bend nails 
to 90°. 


SUPPORTING 
BENT NAIL 


SUPPORTING 
BENT NAIL \ 


Set member in place between headers. 
Bent nails will support weight of 
member until it is nailed in place. 
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telehandler: Piece of construction 
equipment used to transport 
and place materials where they 
are required on the job site. 

telescopic-boom crane: Con- 
struction equipment used for 
placing prefabricated wall 
panels or other materials on 
small construction projects. 

tenon: Projecting part of a piece 
of lumber cut and shaped to 
fit into a mortise. 

tensile strength: Resistance of a 
material to forces attempting 
to tear it apart. 

tension: Pulling or stretching force. 

tension strap: Flat metal piece 
used to brace studs against 
lateral movement. 

tensioning jack: Hydraulic jack 
used for tensioning cables in 
prestressed concrete members. 

termite shield: Metal shield 
placed under and extending 
out from the sill plate to pre- 
vent the passage of termites. 

T-guide: Device used to hold the 
bottoms of sliding cabinet doors 
in position. It fastens to the 
bottom of the cabinet and fits 
into a groove at the bottom of 
the door. 

theoretical length: The length of 
a rafter before it is shortened 
because of ridge or rafter 
thicknesses. 

thermal conductor: Material ca- 
pable of transmitting heat. 

thermal insulation: Insulation 
materials placed in the walls, 
floors, ceilings, and roof to 
control heat flow and help 
maintain a comfortable tem- 
perature in the building. 

thermal performance: Ability of 
a window to act as a barrier to 
heat transfer. 

thermal storage unit: Heat stor- 
age unit required in an active 
solar heating system. 

thermostat: Electrically operated 
instrument that can be set to 
automatically control the room 
temperatures produced by heat- 
ing or cooling equipment. 
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threshold: Wood, metal, or stone 
piece set between the jamb 
and the bottom of a door open- 
ing. Also called door sill. 


Thrombe wall: Masonry wall used 
to store heat in an indirect-gain 
passive solar heating system. 


tiedown: A metal device bolted 
to a wood post in a wall and 
fastened to a bolt anchored in 
the concrete foundation. 


tile: Building material made 
of cement, plastic, or other 
resilient material and used as 
a wall, floor, ceiling, and roof 
finish material. 

tilt-up construction: Construc- 
tion method in which the wall 
sections of a building are cast 
in place on the job site and 
lifted into position by crane. 


timber: Lumber pieces that are 
no less than 5" in their least 
dimension. 

timber connector: Metal ring, 
plate, or grid embedded in 
adjacent timber members to 
increase the strength of the 
joint. 

toeboard: Narrow board located 
at the back of the recessed area 
under a base cabinet to pro- 
vide foot space when a person 
stands close to the cabinet. 
Also called toe strip. 


toe holds: Boards temporarily 
nailed on top of panels as 
a safety measure when car- 
penters are sheathing steeper 
roofs. 

toenail: To nail diagonally into 
two pieces. 


toggle bolt: Anchoring device 
used to fasten light materials 
to hollow walls. 

tongue-and-groove (T&G) lum- 
ber: Boards or planks with 
a groove in one edge and a 
tongue on the other edge. The 
tongue fits into the groove ofa 
matching piece of lumber. 

top-flange joist hanger: Metal 
joist hanger that is fastened to 
the tops of beams or ledgers. 


toplap: Area where one shingle 
overlaps another shingle in the 
course below the first shingle. 


top plate: One of the horizontal 
pieces to which the tops of 
the vertical members of a 
framed wall are nailed. 


top track: Horizontal metal 
framing member that ties 
studs together at the top of 
a wall. 

total rise: 1. Ridge height of a 
roof, measured from the top of 
the walls. 2. Vertical distance 
of a stairway from a bottom 
floor to the floor above. 


total run: 1. Distance equal to 
one-half the total roof span. 
2. Horizontal length of a 
stairway measured from the 
foot of the stairway to a point 
plumbed down from where 
the stairway ends at the deck 
or landing above. 


total span: Measurement equal 
to width of the building. 

total station instrument: Survey 
instrument that combines digi- 
tal data processing and survey 
technology to perform level- 
ing, plumbing, and horizontal 
and vertical measurement 
operations. 


tower crane: Crane consisting of 
a high tower and gib. Sections 
can be added to the tower to 
achieve greater heights. 

track: Metal channel attached to 
the head jamb. Roller hangers 
attached to the doors move 
along the track. 


trademark: Information stamped 
on a lumber or panel product 
at the time of its manufacture 
to identify its grade, rating, 
mill number, and other perti- 
nent information. 

transit-mix truck: Truck equipped 
witha large drum concrete mix- 
er for delivery of ready-mixed 
concrete to the job site. 

transmittance (U): A factor that 
expresses the amount of heat 
in Btu transferred in 1 hour 


through 1 sq ft of the floor, 
ceiling, wall, or roof area of a 
building. 

transom: Small opening over a 
door or window. It usually 
contains a movable sash or 
stationary louver. 


transverse beam: Roof beam 
that extends from an outside 
wall to a ridge beam of a post- 
and-beam roof structure. 

transverse section: Section view 
in a print representing a cut 
across the width of a building. 

tread: Horizontal walking sur- 
face of the step of a stairway. 

tremie: Device consisting of a 
funnel with a tube-like chute 
attached at the bottom. It is 
used to place concrete in 
forms under water. 


trench: Ditch dug in the ground 
down to bearing soil for foun- 
dation footings. 

trenching: Digging trenches for 
foundation footings. 

trench shield: Movable shoring 
system consisting of steel 
plates and braces that are 
bolted or welded together and 
used to support trench walls 
while work is in progress. 

trestle jack: Adjustable metal 
horse used to support low 
working platforms. 

trim: Finish materials such as 
molding placed around doors 
and windows and at the top 
and bottom of walls. 

trimmer joists: Doubled joists 
placed at floor or ceiling 
openings to which the header 
joists are fastened. 

trimmer stud: One of the verti- 
cal members of a framed wall 
nailed to studs and supporting 
the ends of the headers placed 
at the top of rough openings. 

trim ring: Finish piece placed 
against a door face ora plate be- 
fore a cylinder unit is installed. 

tripod: Three-legged adjust- 
able support for survey 
instruments. 


trolley: Roller device for a bi-fold 
door that fits into an overhead 
track. It is attached to the top of 
the second door for support. 


truss spacer: Metal device that pro- 
vides a fast and accurate method 
for spacing trusses and elimi- 
nates the need to mark the top 
plate before placing trusses. 


T-shore: Shore with a braced head 
piece used to support forms for 
concrete beams and girders. 


tube-and-clamp scaffold: Type 
of scaffold that consists of 
heavy-gauge galvanized steel 
tubes that are joined using 
coupling pins or interlocking 
ends. Also called tube-and- 
coupler scaffolds. 


tubular lock: Less expensive 
type of cylindrical lock. 


turnbuckle: Device often used 
with wood 2 x 4 or 2 x 6 brac- 
es. It consists of two rods held 
together with a coupling that 
can be turned to adjustable 
the tension of the rods. 

turnbutton: Device located in 
the inside knob of a cylindri- 
cal lock. When turned in one 
direction it locks the door. 

twist: Type of warping in which 
there is deviation from the 
flat planes of all four faces 
by a spiraling or torsional 
action. Usually the result of 
improper seasoning. 

two-way joist system: Concrete 
floor slab system that has 
joists running perpendicular 
to each other. 


U factor: Measure of how well a 
window unit prevents heat from 
escaping from a building. 

unbalanced beam: Glulam beam 
in which the lams used on the 
tension side ofthe beam are ofa 
higher grade than the lams used 
on the compression side. 


undercutting: Tilting a saw so 
that the back edge of the cut is 
slightly in from the face edge. 


underlayment: 1. Thin plywood 
or nonveneered panels fas- 
tened over the subfloor to 
provide a smooth surface for 
the placement of the finish 
floor material. 2. Usually a 
layer of asphalt-saturated felt 
paper laid down over the roof 
sheathing before most types 
of roof shingles are placed. 


United Brotherhood of Carpen- 
ters and Joiners of America: 
The carpenters' union, which 
was founded in 1881. The 
union negotiates agreements 
with contractors' associations 
concerning wages, fringe ben- 
efits, working conditions, pro- 
visions for apprenticeship 
training, the hourly wage scale, 
and the number of hours in the 
work week. 


unit rise: 1. Number of inches a 
common rafter will rise verti- 
cally for each foot of run. 2. Ris- 
er height calculated by dividing 
the total rise by the number of 
risers in a stairway. 


Undercutting When 
Fitting Panels 


A method for fitting panels when 
back of panel will not be visible. 


FRONT SURFACE 
OF PANEL 
(VISIBLE FACE) 


BACK SURFACE 


OF PANEL 
(UNDERCUT) (NOT VISIBLE) 


Angle saw slightly when making cut 
to prevent back surface of panel from 
touching and holding joint open. It will 
also reduce amount of planing that 
may be required for a better fit. 
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unit run: 1. Unit ofthe total run, 
based on 12". 2. Width of the 
tread calculated by dividing 
the total run by the number of 
treads in the stairway. 

urea formaldehyde: Synthetic 
resin made by combining urea 
and formaldehyde. It is widely 
used as a binder in the manu- 
facture of reconstituted wood 
panels. Also a basic ingredient 
in a type of foamed-in-place 
insulation. 

U-shaped stairway: Stairway 
consisting of two sets of stair- 
ways which run parallel to 
one another. 

utilities: Services provided to 
the public, requiring electri- 
cal and plumbing hookups in 
a building. 


valley: Sloped intersection of 
two roof surfaces. 

valley cripple jack rafter: Jack raf- 
ter sometimes placed between 
the end sections past the point 
of intersection of a shortened 
and supporting valley rafter. 

valley jack rafter: Jack rafter 
extending from a valley rafter 
to a ridge. 

valley rafter: Rafter found on in- 
tersecting roofs and that runs 
at an angle from the intersect- 
ing corners of a building to 
the ridge. It is located at the 
bottom of the valley formed 
where different sloping roof 
sections come together. 

vapor barrier: Thin, moisture- 
resistant material placed over 
the ground or in walls to re- 
tard the passage of moisture. 

veneer: Thin layer of wood. 

veneered beam: Beam made of 
glued veneers. 

vent: Opening that provides air 
ventilation in any space of a 
building. 
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ventilation: Provisions made in a 
building to permit warm air to 
escape and to allow the circu- 
lation of air in enclosed areas. 


vernier: Graduated scale that 
gives fractions of a degree on 
leveling instruments. 

vertical lifeline: Lifeline that is 
connected to a fixed anchor at 
an upper end that is indepen- 
dent of a work platform. 

vibration: Consolidation of 
concrete through the use 
of mechanical vibration 
equipment. 

vinyl-clad window units: Win- 
dow units with a frame and 
sash consisting of a wood core 
covered with a thin layer of 
prefinished rigid vinyl. 

vinyl siding: Prefinished plastic 
product that gives a similar 
effect to wood board siding. 

vinyl tile: Resilient floor tile with 
basic ingredients of polyvinyl 
chloride resin binders and 
mineral fillers. 

vise: Clamping device typically 
anchored to a solid base such 
as workbench. 


visible transmittance value: Mea- 
sure ofthe amount of light trans- 
mitted through a window. 
V-joint: Slightly beveled joint 
between boards or panels that 
creates a shadow line. 


volatile organic compound (VOC): 
Organic chemical compound 
with a high vapor pressure to 
significantly vaporize and enter 
the atmosphere. Considered a 
pollutant and can be dangerous 
to health. 


waffle slab: Floor slab character 
ized by a waffle-like appear- 
ance at its underside. Its 
structural design makes possi- 
ble the use of lighter concrete. 


wainscot: Traditionally, wood 
panel work covering the lower 
section of a plastered or gyp- 
sum board wall. Wainscoting 
material may also be plastic 
laminate, tile, glass, etc. 

wainscot cap: Piece of finish 
molding placed at the top of 
a wainscot. 


waler rod: Device used to secure 
and hold together opposite 
form walls. It consists of 
waler rods (also called she 
bolts) extending past the 
walers on each side. They are 
joined inside the wall by a 
threaded filler rod. The whole 
assembly is tightened by nut 
washers on opposite sides. 


.'1&" Spacing Gap for 
Walls Panels 


A method for providing a 
between wall panels. 


ve" ga p 


6d NAILS 


DOUBLE TOP PLATE 


——M——MáÓ ms] A 


© Tack 6d nails along edges of 
panel already in place. 


© Position next panel against 6d 
nails and fasten it in place. 
Remove 6d nails. This will 
leave a %&” gap between 
panels. 


walers: Horizontal pieces placed on 
the outsides of the form walls to 
strengthen and stiffen the walls. 
The form ties are also fastened to 
the walers. Also called wales. 


wallboard anchor: Metal or plas- 
tic anchor designed for use in 
gypsum board. Does not require 
predrilling prior to installation. 


wall cabinet: Cabinet not resting 
on the floor and fastened to 
the upper part of a wall. 


wall framing story pole: Rod 
laid out according to informa- 
tion provided by the working 
drawings for a building. It 
gives lengths of the studs, 
trimmers, and top and bottom 
cripples for the walls. 

wall jack: Device used to raise 
walls when small carpentry 
crews are working on a job 
site. Typically used in pairs. 

wane: Lumber defect caused by 
the presence of bark or a lack 
of wood on the edge or corner 
of a piece of lumber. 


warm side: Inner surface of the 
outside shell (walls, roof, etc.) 
of a building. 

warpage: Condition in which 
lumber has bent or twisted 
out of its original shape. Often 
caused by uneven shrinkage 
during seasoning. 

waterborne preservative: Wood 
preservative used to treat 
lumber and plywood for resi- 
dential construction. 


water-cement (W/C) ratio: 
Amount of water used in a 
concrete mix in relation to 
the amount of cement. Major 
factor in the compressive 
strength of concrete. 

water level: Accurate leveling 
tool that is based on the prin- 
ciple that water will find its 
own level in a system open to 
atmospheric pressure. 

water-reducing admixture: Sub- 
stance added to a concrete 
mixture to reduce the amount 
of water needed to produce a 
desired mix. 


water table: 1. Highest point be- 
low the surface of the ground 
that is normally saturated 
with water in a given area. 
2. Piece placed below the 
first course of siding to direct 
water drainage away from the 
foundation wall. 


water wall: Water containers 
used to store heat as part of 
an indirect-gain passive solar 
system. 

wind effect: Uncontrolled air- 
flow created when wind 
blows against a building. A 
high-pressure area is created 
on the windward side and air 
is forced into the building. 

weather barrier: Second line of 
protection for a building to 
prevent air and water infiltra- 
tion into the building. 


weatherstripping: Metal, felt, or 
plastic strips used to prevent air 
or moisture infiltration through 
the spaces between the outer 
edges of doors and windows 
and their finish frames. 


web: Truss member that runs 
between and ties together the 
top and bottom chords. 


web stiffener: Dimension lum- 
ber, oriented strand board, 
or structural panel materials 
used to reinforce a wood I- 
joist web. 

wedges: Devices driven against 
the walers and at the ends of 
the form ties. They hold to- 
gether opposite form walls. 


wedge ties: Patented ties consist- 
ing ofa strap and wedges. Used 
with plank forming systems. 


weep hole: Small hole extending 
through a concrete retaining 
wall to allow water to drain 
from behind the wall. 

welded-frame scaffold: Type of 
scaffold that consists of heavy- 
gauge tubular steel bearers and 
posts that are welded together 
to form the frames. 

welded wire reinforcement: Heavy 
steel wire welded together in 


a grid pattern and used to re- 
inforce concrete slabs resting 
directly on the ground. Also 
called wire mesh. 


white speck: Small white pits or 
spots on the surface of wood 
caused by a fungus in the liv- 
ing tree. 

wide-flange beam: Steel beam with 
flanges at the top and bottom of 
the web. Also called W-beam. 


windowsill: Finish horizontal 
member installed directly 
below a window. 

wind uplift: Wind flowing over 
a pitched roof surface that 
creates an upward suction, 
pulling on the roof surface. 

winder: Wedge-shaped step in 
a stairway. 

winder stairway: Stairway that 
has a series of winding steps. 


wood I-joist: Engineered wood 
product widely used in the 
construction of wood-framed 
floor units and flat roofs, and 
that is a high-performance 
alternative to solid dimension 
lumber. 


Preventing Wood 
Splits 


Two simple methods for preventing 
wood splits when driving nails 
close to the end of a piece of 
lumber. 


BLUNTED CUT OFF 


BLUNT TIP 
OF NAIL BY 
STRIKING IT 

WITH HAMMER 


A MORE 
EFFECTIVE 
METHOD IS TO 
COMPLETELY 
CUT OFF 
NAIL POINT 
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wood preservative: Chemical in 
liquid form applied to wood 
for protection against fungi, 
decay, and insect attack. 

working drawings: Set of plans 
drawn up by an architect. 
Contains all the dimensions 
and structural information 
needed to complete a con- 
struction project. 

working load value: Amount 
of pressure against an indi- 
vidual form tie when placing 
concrete in forms. 

woven corner: Outside corner 
finish for sidewalls where 
alternate corner edges of the 
shingles are exposed. 


xerography process: Print re- 
production process similar 
to the photocopying process. 
Provides high-quality repro- 
duction with little loss of 
clarity of details. 


Windowsills 


p Al 
WEDGES CUT FROM 2x4 


GRAIN 
DIRECTION 


Cut wedges across 
grain of wood. 


(27 
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Placing and Cutting Wood Wedges under 


A method for cutting and placing wood wedges under windowsills. 


After driving wood wedge under windowsill, 
split it off with sharp chisel flush with the wall. 


yard lumber: All lumber sold for 
structural building purposes. 

yoke: Tie or clamping device used 
around column forms to prevent 
them from spreading due to 
pressure imposed by concrete. 


zoning regulations: Local regu- 
lations that govern the type of 
buildings and structures that 
may be erected in different 
areas of a community. Most 
zones come under the general 
categories ofresidential, com- 
mercial, and manufacturing. 


Page numbers in italic refer to figures. 


abbreviations, 207, 27 /, 793 
ABC, 14, 17 
above-ground exposure, lumber, 30 
abrasive cutoff saws, 423—424, 424, 793 
abrasive paper, 793 
abrasive sanding materials, 135 
grit grades, 136 
absorbers, 537—538 
abut, 793 
accelerating admixtures, 763, 793 
access flooring, 793 
acclimate, 793 
accordion doors, 643, 643 
acoustical tile, 793 
acoustics, 536, 536 
acoustic windows, 534, 793 
active doors, 793 
active solar heating, 540 
active solar air heating systems, 540, 540-543, 541 
active solar liquid heating systems, 543, 543 
actual length 
rafters, 451, 793 
ridge boards, 474, 474 
actual lumber size, 38, 38, 40, 40, 793 
ADA Standards for Accessible Design 
commercial stairways, 693, 696—699, 697 
handrails, 699 
adhesive anchors, 67 
adhesives, 71, 613—614, 614, 793 
glues, 72, 72 
mastics, 72-73, 73 
adjustable bullnose rabbet planes, 107, 707 
adjustable counterbore cutters, 130 
adjustable direct-reading leveling rods, 261 
adjustable joist hangers, 353 
adjustable (split-jamb) units, 639, 639, 641 
admixtures, 763, 793 
aerial lifts, 169—170, 770, 178, 793 
safety, 170—171, 171 
A-frame, 793 
AGC, 13, 14 
aggregate, 302, 793 
airborne sound transmission, 530, 530 


air compressor, 137, 138, 793 
air-dried lumber, 25, 793 
air ducts, 793 
air-entraining admixtures, 763, 793 
airflow, 510 
air handlers, 542 
air leakage, 564 
air movement, 540, 541 
air pockets, 793 
ATIC, 14, /5 
aliphatic resin glues, 72 
allowable beam spans, 347—348, 348 
allowable spans, 793 
joists, 350, 357 
rafters, 444—445, 445 
all-weather wood foundations, 299, 299 
alteration work, 3, 793 
Alternate Boards grade lumber, 36 
aluminum forms, 310, 3/0 
aluminum siding, 599-600, 600 
American Institute of Timber Construction (AITC), 14, /5 
American National Standards Institute (ANSD, 13, /4 
American Plywood Association (APA), 13-14, /4 
American Society for Testing and Materials (ASTM), 284 
Americans with Disabilities Act (ADA) Standards for 
Accessible Design, 693 
commercial stairways, 696-699, 697 
handrails, 699 
stairway profiles, 695, 695, 698 
American Wood Council (AWC), 14, /5 
anchorage points, 167, 168, 793 
anchor bolts, 294, 294—295, 295, 408, 408, 793 
concrete slabs, 296-297 
anchor clips, 793 
anchoring devices, 325, 325 
anchors 
foundation anchors, 296, 296 
hammer driven, 65, 65 
rafter and truss anchors, 446, 446 
trusses, 500, 507 
anchor tiedown systems, 408—409, 409, 794 
angle iron, 794 
angle dividers, 84-85, 85 
annual rings, 20, 27, 794 
annular nails, 794 
ANSI, 13, /4 
APA, 13-14, /4 
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rated panel standards, 50 
categories, 48 
trademarks, 49, 49-50 

APA Performance Rated I-joists (PRIs), 369, 369 
APA performance rated panels, 42-43, 43, 49 

categories, 48 
Appearance grade lumber, 34-35, 35 
appliance symbols, 210 
apprenticeship, 16-17, 794 
aprons, 565, 565, 794 
arbors, 794 
arches, 794 
architects, 198, 794 
architect’s rods, 261, 26/ 
architect’s scale, 206, 207 
architecture. See building design 
arcs, 794 
archways, 794 
arc welding, 146, 146-147, 147 
areaways, 218, 297, 297, 794 
argon gas, 794 
arm signals 

leveling rods, 262, 262 
articulating Z-boom lifts, 169—170, 170, 178 
asbestos, 189 
asbestosis, 189 
asphalt, 794 
asphalt-saturated felt, 550 
asphalt sheet membranes, 337, 337 
asphalt shingles, 550, 550—552, 551, 552, 553, 794 
Associated Builders and Contractors, Inc. (ABC), 14, 17 
Associated General Contractors (AGC), 13, 14 
ASTM, 284 
astragals, 667, 668, 794 
attached ladders, 159, 759 
attic rafter vents, 513, 573, 794 
attics, 794 
attic scuttles, 416 
attic ventilation, 577, 512, 512-513, 513 
automatic controls, 540, 543 
automatic levels, 265—266, 266 

maintenance, 272 
automatic PATs, 141, 742 
auxiliary heating systems, 540, 542 
aviation snips, 102, 702, 424 
AWC, 14, 15 
awning windows, 234, 567, 568, 794 
axes, 794 


backed out, 794 

backed out casings, 668, 669 

backer blocks, 370—371, 371, 794 
backer rods, 769, 769, 776, 776, 794 
backfilling, 291, 291, 794 
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back framing, 401, 794 

backhoe loaders, 177, 177 

backing, 415, 794 

backing hip rafters, 469, 470 

back priming, 580, 794 

back protection, 184, 765 

backsaws, 98, 98 

backs of saws, 97, 99 

backsplashes, 663, 665, 794 

back-to-back headers, 431, 43/ 

back veneers, 43, 43 

balanced beams, 724, 794 

ball-bearing butt hinges, 794 

ball-bearing hinges, 651, 657 

balloon framing, 2, 794 

balusters, 686, 686, 687, 794 

balustrade railings, 794 

banana clips, 160 

band clamps, 103, 703 

band joists. See header joists 

bar clamps, 103, 703 y 

bargeboards, 795 

bark, 20, 795 

bark pockets, 795 

barrels, 795 

barricades, 193—194, 795 

baseboard moldings, 671, 673, 673 

baseboards, 795 

base cabinets, 656, 659, 659—660, 660, 795 

base cap moldings, 667, 667—668 

base caps, 795 

base flashing, 557, 557 

basement forms. See foundation forms 

basement foundations, 297, 297 

basementless foundations, 297, 297 

basements, 200, 201, 216-218, 217, 795 

base moldings, 667, 667, 668 
installation, 671, 673, 673, 674 

base plates, 156, 757 

base shoe moldings, 667, 667, 668 

base shoes, 795 

base tracks, 795 

Basic National Building Code, 250 

batch plants, 303, 795 

battens, 558—560, 559, 560, 795 

batterboards, 286, 289, 795 

battered foundations, 292, 202—293, 293, 318, 319, 795 

battered piers, 292, 292, 293, 293 

batt insulation, 795 

bay windows, 795 

B-B Plyform, 45 

beam-and-slab floors, 748, 749 

beam hangers, 795 

beam pockets, 795 

beams, 345, 745-748, 747, 748 
allowable spans, 347-348, 348 


construction. See post-and-beam construction 
load duration factors, 348, 348 
placement, 349—350, 350 
post caps, 346, 347 
steel beams, 349, 349 
wood beams, 346—348, 347, 709 
bearing piles, 735, 735, 795 
bearing plates, 296, 795 
bearing stiffeners, 371, 371 
bearing walls, 795 
bed moldings, 667, 667, 795 
bedrock, 284, 795 
bed sections, 172 
beetles, 341—342, 342 
belled caissons, 738, 736, 795 
belt sanders, 135, 735 
bench grinders, 109 
benching, 192, 792 
benchmarks, 212, 213, 214, 262, 264, 264 
bench planes, 106-108 
proper use, 107—108, 708 
bents, 716, 717, 795 
berms, 795 
bevels, 795 
bevel sidings, 795 
bevel squares, 84, 84 
bibbs, 795 
bids, 795 
bi-fold doors, 236, 795, 238 
bind, 795 
bird's mouth, 449, 795 
bits, 795 
drills, 729, 129-130 
routers, 134 
bituminous, 795 
blades 
chisels, 101 
circular saws, 116—118, 716 
radial arm saws, 123, /23 
saws, 97, 97, 99 
table saws, 124 
blanket and batt insulation, 517—518, 5/8, 519 
blanket insulation, 796 
blanks, 666, 795 
blind nailing, 796 
blind stops, 796 
blind valley construction, 492, 493, 796 
block flooring, 680, 680, 796 
blocking, 370, 372, 373, 796 
blockouts, 796 
block planes, 107, 707, 132 
bloodborne pathogens, 190, 796 
blown-in-blanket insulation, 516-517, 516, 796 
blueprints, 202 
blue stains, 27, 796 
board-and-batten siding, 796 
board feet (BF), 39, 39 
board foot, 796 
boards, 796 


board siding, 580—588, 581, 583, 584, 585, 586, 587, 588 


sizes, 582 
body harnesses, 167—168, 768, 796 
bolts, 62, 62, 71, 71, 647, 796 
bond beams, 796 
bond-breaker liquid, 775 
bookcases 
built-in units, 662—663 
boom lifts, 169—170, 170, 178 
bored caissons, 737, 737 
bored locks, 647, 647 
boring tools, 105, 705 
Boston methods, 552, 552, 553, 553 
bottom chords, 495, 496 
bottom plates. See sole plates 
boundaries, 285—286 
bowlines, 174 
bows, 26, 27, 796 
bow windows, 796 
box beam headers, 431, 431 
box beams, 796 
box nails, 58, 796 
bracc measure tables, 81, 82 
braces, 331, 331, 796 
diagonal bracing systems, 375, 379, 379—380 
braces (scaffolds), 156, 757, 161, 161 
brace turnbuckles, 740, 741 
bracing materials, 307, 307 
bracing wall forms, 307, 307 
bracket scaffolds, 164, 765 
brad nailers, 139 
brads, 58, 58, 796 
breakbacks, 307, 306, 743, 796 
break lines, 204 
breezeways, 796 
bricklayers, 11, 299 
brick-veneer construction, 3, 3 
bridging, 796 
bridging between joists, 355—357, 356, 357, 356 
British thermal unit (Btu), 508, 508, 796 
Btu. See British thermal unit 
buckets, 796 
bucks, 310, 329, 329, 796 
bugle-shaped heads, 613 
builder's levels, 256, 257, 796 
arm signals, 262, 262 
leveling rods, 260—262 
lines of sight, 260, 260 
maintenance, 272 
measuring angles, 269, 269—270, 270, 271 
operations and usage, 262—265, 263, 264, 265 
plain stick method, 262 


set up and adjustments, 256—260, 257, 256, 259, 260 


stick-and-rule method, 261, 261 
targets, 260, 260 
building codes, 250, 286, 796 
Minimum Property Standards (MPS), 251 
model codes, 250-251 
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state and local codes, 250 
building contractors, 10 
building corners, 271, 271 
building design, 798, 198-199 
basic shapes, 199, 799 
houses, 199, 199—201, 200, 201 
influential factors, 199 
plans, 201—202, 203 
roofs, 199 
specifications, 202-203, 203 
building dynamics, 506 
building envelopes, 437, 796 
exterior finish, 437, 437 
insulation, 438, 438 
exterior insulation and finish systems (EIFS), 438 
interior finish fastening, 439 
sheathing, 437, 437 
building inspectors, 252 
building lines, 212, 2/3, 286—289, 287-288, 289, 796 
building paper, 403, 796 
building permits, 252, 253, 254, 796 
building physics, 506 
building science, 506, 796 
building shapes, 268 
building sites, 284 
earthquake risk zones, 284, 284—285, 285 
soll conditions, 284, 284 
weather conditions, 285, 285 
built-ins, 758, 797 
built-in units, 662—663 
built-up beams, 346, 347, 797 
built-up headers, 797 
built-up roof coverings, 560—561, 561 
built-up roofing, 525, 526, 797 
bulging concrete. See pillowing 
bulkheads, 742, 742, 797 
bulldozers, 176, 176 
bullfloats, 767 
bullnose rabbet planes, 107, 107 
butt chisels, 101, 707 
butterfly roofs, 797 
butt gauges, 635, 635 
butt joints, 656, 797 
butt markers, 635—636, 636 
buttresses, 797 
butt markers, 635—636, 636 
bypass doors, 642, 642, 797 


cabinet details, 240, 240—241, 241 
cabinet door catches, 662, 663 
cabinetmakers, 11, 797 

cabinet scrapers, 110, 777 

cabinet sliding doors, 661, 661—662 
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cabinet units. See kitchen cabinets 
CADD programs, 201, 203 
caissons, 737, 737—738, 738, 797 


California Redwood Association (CRA), 14, /5 


callouts, 797 

camber, 724, 724, 797 
cambium, 20, 797 

cams, bench plane, 106, 706 


Canadian performance rated panel standards, 50 


cantilevered joists, 355, 356, 797 
cant strips, 797 
capillary action, 336, 336, 797 
capitals, 749, 750, 797 
capture windows, 275, 797 
carbide tips, 797 
carcinogens, 188—189 
carpenter ants, 341, 347 
carpenters, 10, 70, 299, 797 
carpenter's level, 77, 77—78, 78, 797 
straightedge use, 78, 78 
with other tradesworkers, 12 
carpenter's scaffolds, 164, 765 
carpenter's vises, 105, 705 
carpentry trade entry, 16-17 
carports, 797 
carriage bolts, 62, 62 
carriages. See stringers 
carriers, 173 
casement windows, 566, 567, 797 
casing nails, 58, 58, 797 
casings, 667, 668 
doors, 668—671, 669, 670 
for piles, 736, 736 
windows, 565, 565, 671, 671 
casting beds, 772, 797 
cast-in-place piles, 735—736, 736, 798 
cathedral roofs, 712, 712 
caulk, 381, 381, 526, 526 
caulking compound, 798 
C-clamps, 103, 703, 425, 425 
Cedar Shake and Shingle Bureau, 14, 75 
ceiling-floor joists, 433, 433—434 
ceiling framing, 410, 470, 413-415, 414 
applying backing, 415, 4/5 
fastening partitions, 416, 476 
ceiling grid clamps, 104, 704 
ceiling grids, 798 
ceiling joists, 410, 4/7, 454 


ceiling frame construction, 413—416, 414 


cutting for roof slope, 411 
framing plans, 245 

interior support, 410, 477 
joist spans, 411 

nailing to rafters, 411, 477 
ribbands, 411—412, 4/3 
roof systems, 445, 445 
strongbacks, 411—412, 473 


ceiling moldings, 667, 667—668, 674, 798 


installation, 674, 674—675 
ceiling tiles, 624, 624, 798 


nonsuspended ceilings, 625, 625—626, 626 


suspended ceilings, 626-627, 627 
cellular glass, 524 
cellulose, 20, 798 
cellulose insulation exposure, 190 
cement, 798 
cement boards, 367—368 
cement finishers, 767, 767 
cementitious products, 337 
cement masons, 11, 77 
centerlines, 204 
center point tests, 144, /44, 798 
center punches, 85, 85 
centimeter (cm), 40 
central heating, 798 
ceramic tiles, 798 
certificates of competence, 165 
C factor (conductance), 508 
chain-of-custody, 7, 798 
chain saws, 121, 721 
chair rails, 668, 798 
chalk line reels, 86, 86 
chamfers, 798 
chamfer strips, 798 
channel joints, 615, 616 
channel rustic siding, 798 
channel studs, 479, 419—420 
char, 721 
chase, 798 
check rails, 798 
checks, 26, 798 
chimney openings, 358, 356 
chimneys, 539, 539—540, 798 
chisels, 100—102, 701 
chop saws. See abrasive cutoff saws 
chord bars, 776—777, 777 
chords, 798 
circuits, 798 
circular saws, 116, 117, 798 
blades, 116-118, 1/8 
operation, //8, 118-119, 719 
safety, 119—120, /20 
circular stairways, 685, 685, 798 
circumference, 798 
cladding, 798 
clam clamps, 103, 704 


climbing tower cranes, 179, 180, 798 
clinchers, 422, 422 
clinching, 799 
clinch joints, 422 
clinkers, 302 
clip angles, 799 
clipped-head nails, 138 
closed finish stringers, 686, 687, 799 
closed panel construction, 5, 799 
closed railing, 799 
closed valley flashing, 551, 557 
clothing, protective, 183 
clove hitches, 174 
CMUs. See concrete masonry units (CMUs) 
coil ties, 744, 745, 799 
cold bridging, 438, 799 
cold chisels, 101, /0/ 
cold forming, 419, 799 
cold joints, 316, 799 
collar beams, 445—446 
collar ties, 445—446, 458, 799 
collectors. See solar collectors 
column clamps, 799 
column footings, 228 
columns, 436, 436—437, 745, 145—147, 746, 799 
columns, plumbing, 271, 271 
combination blades, 799 
combination rasps, 110, 770 
combination squares, 80, 80 
combustion-and-ventilation effects, 510, 799 
Common Board grade lumber, 35-36, 36 
common length difference, 470, 800 
common nails, 57, 800 
common rafters, 448, 800 
calculating lengths, 450, 450—451 
intersecting roofs, 477, 478 
layout, 451, 451—456, 452, 453, 456 
compass directions, 213, 2/3, 800 
compass saws, 98, 98 
compensated self-leveling laser levels, 275 
compensators, 275, 800 
competent persons, 165 
components, 800 
composite moldings, 668 
Composite Panel Association (CPA), 15 
composite panels, 47—48, 48, 800 
compound miter saws, 125, 725 
compression, 800 
compression bonds, 143, /44 
compression tests, 764—765, 765, 800 


clamping devices (scaffolds), 159, 160 


clamps, 703, 103—104, 104, 425, 425, 798 compressive strength, 302, 304, 764, 800 


transit-levels, 266 compressors, 137, 138 
claws (of hammers), 87, 87 computer-aided design and drafting (CADD) programs, 
clay, 284, 337, 798 201, 203 
cleanout holes, 798 concealed condensation, 510 
clear, lumber, 34 concealed connectors, 726, 726 
clear openings. See allowable beam spans concealed hinges, 652, 652 
cleated stringers, 687, 688, 798 concrete, 800 
cleats, 798 center point tests, 144, 144 
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composition, 301—302, 302 conifers, 32, 32, 800 


curing, 304, 304, 769—770, 770 connectors, 167, 168, 401, 401 
delivery, 303, 303 steel material, 726, 726-727, 727 
driving fasteners, 144, 744 consistency, 800 
heavy construction, 3, 34 consolidating concrete, 762, 762, 800 
mixture variations, 302, 302 construct, 800 
pillowing, 332 construction craft laborers (CCLs), 11 
placement, 303, 303 construction equipment safety, 180-181, 787 
precast units, 4, 4 Construction grade lumber, 36, 36 
rebar, 304, 305, 741, 742, 754 construction-grade screws, 800 
reinforced concrete, 304, 304—305, 305 construction joints, 741—742, 800 
removing forms, 769—770 construction types 
screeding, 334, 335 heavy construction, 3, 3-4 
slabs, outdoor, 333—335, 334, 335 light construction, 2-3 
waterproofing walls, 337—338 residential construction, 2, 2-3 
weather effects, 765—766 contact cement, 72, 800 
concrete admixtures, 763 contact trip pneumatic tools, 137 
concrete blocks, 298-299, 299 container labeling, 188 
concrete buckets, 760—761, 761 contemporary building design, 198, 798 
concrete dust, 190, 790 contemporary window trim, 671, 671 
concrete floor slabs, 766 continuous ridge vents, 511, 5/2 
control joints, 767—768, 768 contour lines, 215, 291, 800 
expansion joints contraction joints. See control joints 
slabs, 768, 766, 769 contractors, 10 
walls, 768—769, 769 control elements (solar heating), 537—538, 538 
slab-at-grade floor slabs, 766, 766—767, 767 control joints, 335, 335, 767—768, 768, 800 
waterstops, 767, 767 controls for dampers, 540, 543 
concrete formwork, 752—754, 753, 754 convection, 507, 507, 800 
concrete foundations conversion charts, 215 
pouring height, 317, 3/8 conversions, 40-41, 47 
concrete joist systems, 749—750, 750 coped joints, 673, 673, 800 
concrete masonry units (CMUs), 298—299, 299, 800 coping saws, 99, 99 
CMU foundations, 298—299, 299 corded drills, 128, 728 
concrete mixtures, 800 corded power tools, 115, 128, 728 
concrete piers, 292-293, 293 cordless pneumatic nailers, 139, 139 
concrete piles, 735—736, 736 cordless power tools, 115, 128, 728 
concrete placement, 760, 760—763, 761, 762 cores, 43, 43, 800 
admixtures, 763 corner assemblies. See corner posts 
concrete pours, 800 corner beads, 614, 6/4, 800 
concrete pumps, 303, 303, 760, 760-761, 800 corner caps, 600, 600 
concrete screws, 60, 6/ corner clamps, 103, /04 
concrete slabs. See concrete floor slabs corner hubs, 286 
concrete skimcoats, 318 corner posts, 394, 394, 602, 602-603, 603, 800 
concrete tests, 763 metal material, 431, 43/ 
compression tests, 764—765, 765 wood material, 376, 376 
slump tests, 764, 764—765, corner returns, 671, 801 
condensation, 337, 509—510, 510, 564, 800 cornices, 546, 801 
airflow, 510 closed, 547, 547 
moisture control, 5/7, 511—513, 5/2, 513 open, 546, 546 
condensation resistance, 564 soffit systems, 547—548, 548 
condominiums, 800 counterbore, 801 
conductance, 800 counterboring screws, 59, 60 
conductance (C) factor, 508 counterflashing, 557, 557, 801 
conduction, 507, 507, 800 countersink, 801 
conductivity, 800 countersink cutters, 130 
conductivity (K) factor, 508, 508 countersinking screws, 59, 60 
conductors, 507 countertops, 663, 664 
conduit, 800 plastic laminate, 663—664, 664, 665 
confined spaces, 190-191 solid-surface materials, 664—665, 665 
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course, 801 

courts, 801 

cove bases, 801 

cove moldings, 667, 667, 674, 674, 686, 687, 801 

CPA, 14 75 

CRA, 14, /5 

cranes, 178, 178-180, 179, 180, 801 
signaling operators, 180—181, /8/ 

crank operators, 801 

crawl space foundations, 297, 297, 801 

crawl spaces, 218, 219, 801 
foundations, 297, 297, 801 
ventilation, 513, 5/3 

creosote, 20 

cripple studs, 377, 376, 801 

cripple walls, 345, 345, 801 

critical angles, 688, 801 

crooks, 801 

crossbands, 43, 43, 801 

cross beams, 757, 801 

crossbraces, 156, 157 

cross bridging, 355—356, 356, 357, 801 

crosscut blades, 801 

crosscut saws, 98, 98-99, 801 

crosscutting, 801 

crosshairs, 256, 258 

cross-lamination, 43, 43 

cross slopes, 335, 801 

cross tees, 627, 627 

crown moldings, 667, 674, 675, 801 

crowns, 26, 27, 360, 801 

crystalline silica, 190 

C-shape gauge members, 4/9, 419—420, 802 

CSI MasterFormat™, 203 

cups, 26, 27, 802 

curing concrete, 304, 304, 769—770, 770, 802 

curtain walls, 772, 802 

curved-claw hammers, 88, 8S 

customary measurement. See English measurement 

custom-built houses, 802 

custom-built plans, 201 

cut-in braces, 802 

cutoff saws. See radial arm saws 

cutout saws, 121 

cut-out stringers, 687, 687—688, 802 

cutting attachments, 148-149, 149 

cutting plane lines, 204, 802 

cylinder knobs, 802 

cylinders (locksets), 646, 647, 802 

cylinder valves, 148, 148 

cylindrical locks, 647—648, 647, 649, 802 


dado, 802 
dadoed stringers, 687, 688, 802 
dado head cuts, 124, 124 


dado joints, 656 
dampproofing, 802 
data recording 
total station instruments, 281 
datum, 262, 264, 264 
datum points, 802 
deadbolt latches, 648, 648 
deadbolts, 650, 650, 802 
dead loads, 347, 444, 802 
deathwatch beetles, 342, 342 
debarking, 24, 24, 802 
decay, 802 
deceleration devices, 168, 7/68, 802 
deceleration distance, 169, 7169, 802 
decibel (dB), 183-184, 184, 531, 531, 802 
deciduous, 32, 32, 802 
decimeter (dm), 40 
deck formwork, 750—752, 751, 752 
decks, 603, 604 
construction methods, 604—607, 605, 606 
fasteners and connectors, 604 
materials, 603 
shapes and patterns, 607 
deflection, 723, 723—724, 724, 802 
degree, 803 
denarius, 57, 57 
Department of Housing and Urban Development (HUD), 6 
derricks, 179, 803 
details, 232, 803 
doors, 234—236, 235, 236, 237, 238 
kitchen cabinets, 240, 240—241, 241 
stairways, 239, 239—240 
trim materials, 241, 24/ 
windows, 232, 233, 234 
detectors, 803 
laser beam detectors, 275, 275 
dew points, 510, 5/0, 803 
D-handle grips, 129 
diagonal braces, 375, 379, 379—380, 397—398, 399, 803 
diagonal braces (scaffolds), 156, 757, 161, 161 
dimension lumber, 33, 34, 803 
dimensions, 205, 803 
dimples, 803 
direct gain, 539 
direct-laminate (DL) processes, 681 
distribution of solar heat, 537—538 
dividers, 84-85, 85 
divisions, 202—203 
dome pans, 750, 750 
domes, 729—730, 730, 750, 803 
door bucks, 741, 742 
door casings, 668—671, 669, 670 
door catches, 662, 663 
door closers, 652—653, 653, 803 
door details, 234—236 
bi-fold doors, 238 
exterior doors, 235 
interior doors, 236 
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pocket sliding (recessed) doors, 237 drawer construction, 657, 657—658 


door exit devices, 653, 653 drawer knobs, 662, 662 

door hands, 646, 646, 803 drawer pulls, 662, 662 

door hardware, 652, 652—654, 653, 654 drawer slides, 658 

door header, 803 drawings, 201—202, 203 

door heads, 573 dressed size, lumber, 38, 38 

door hinges, 634, 634—636, 635, 636, 637 drill bits, 64, 729, 129-130 
specialized door hinges, 651—652, 652 hand drills, 105, 705 
standard door hinges, 651, 651 drill press vises, 105 

door holders, 632, 634, 653, 653, 803 drills, 804 

door jacks. See door holders hand drills, 105, 705 

doorjambs, 573, 628, 628, 630—632, 631, 633 D-rings, 168, 168, 804 

door locks, 646, 646—647 drip caps, 583, 583, 587, 587, 804 
cylindrical locks, 647, 647—648, 649 drip edges, 549, 549, 804 
deadbolts, 650, 650 drive pins, 67—68, 68, 143, 143, 421, 422, 423, 804 
high-security locks, 651, 657 driveways, 212, 213, 333-335 
keyed/nonkeyed locks, 648 driving heads, 735, 804 
mortised locks, 650, 650 drop chutes, 761, 762, 804 
tubular locks, 647—648 drop heads, 749, 750 

door openings, 310—311 drop panels, 748—749, 804 
finish openings, 394, 395 dropping hip rafters, 470, 470, 804 
light-gauge steel framing members, 437 dropping stringers, 692, 692, 804 
rough openings, 377, 377-378 drop siding, 804 
trimming, 668-671 dry rot, 27, 28 

door pulls, 654, 654, 803 drywall. See gypsum boards 

doors dry wall compression anchors, 644, 645 
active, 793 drywallers, 12, /2 
sealing bottoms, 526, 527 drywall frame, 804 
storm and insulated doors, 527, 527—528 drywall screwdrivers, 131, 131, 422-423, 423 

door schedules, 247, 248 drywall studs, 429 

door sills. See thresholds drywood termites, 340 

door stops, 628, 628, 634, 634, 653, 653, 803 duplex nails, 58, 804 

door symbols, 209 duplex receptacles, 804 

door units dust, 190, 790 


exterior doors, 573, 573—574, 574, 577 
installation, 574, 574—577, 575, 576 
interior doors. See interior door units 
dormers, 461, 463, 464, 803 
double-acting floor hinges, 652, 803 


double coursing, 594, 803 earmuffs, 184, 805 

doubled joists, 355, 355 earplugs, 184, 805 

double-hung windows, 566, 566—567, 803 ear protection, 183—184 

double-insulated tools, 115 earth augers, 177, 178 

double-nailing method, 612, 613 earth-moving equipment, 176, 176-177, 177, 178 
double-ply application, 803 safety, 180—181 

double-ply system (gypsum boards), 611, 672 earthquake forces, 293, 293-294 

doubler plates, 803 earthquake zones, 284—285 

doublers, 376 easements, 213, 805 

double-shear joist hangers, 353, 354, 803 eaves, 546, 549, 549, 805 

double top plates, 397, 397 edge-grained lumber, 805 

double-walers, 314, 3/4 edge-grained shingles, 553 

doubling up walls, 742—743, 803 edges, 805 

dovetail joints, 803 EDM, 280—281, 281 

dovetail saws, 98—99, 99 EIFS. See exterior insulation and finish systems (EIFS) 
dowels, 804 electrical permits, 252 

doweled joints, 804 electrical safety, 114—115, 775, 185-186 
downspouts, 225, 548, 548, 804 electrical shock, 186, 186, 805 

drain holes. See weep holes electrical symbols, 210 

drain tiles, 228, 228, 338, 338, 804 electrical utilities, 212, 273 
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electric arc welding, /46, 146-147, 147 
electricians, 11 
electric shock, 114-116 
electrode, 805 
electrode holders, 147 
electrode leads, 147 
electronic distance measurement (EDM), 280—281, 281, 805 
elephant trunks, 761, 761, 805 
elevation drawings, 223 
east elevations, 223-225, 224 
north elevations, 225—226, 226 
south elevations, 223—225, 224 
west elevations, 225—226, 226 
elevations, 213, 2/3, 215, 805 
elevation views, 805 
elevator constructors, 12 
elliptical stairways, 685, 685 
embedded steel, 805 
end-matched lumber, 676, 805 
end nosings. See nosing returns 
endothermic caulk, 381 
energy-efficient designs, 528, 529 
engineered framing systems, 376 
engineered lumber, 52, 805 
finger-jointed lumber, 55, 55 
glued laminated (glulam) timber, 53, 53 
]-beams, 54, 54 
laminated veneer lumber (LVL), 53—54, 54 
oriented strand lumber (OSL), 54 
parallel strand lumber (PSL), 54, 54 
rim boards, 55, 55 
wood I-joists, 54, 54 
Engineered Wood Association, 13-14, 74 
engineered wood panels, 42, 42-43 
APA performance rated panel standards, 50 
categories, 48 
trademarks, 49, 49-50 
categories, 48 
composite panels, 43, 47, 48 
nonstructural panels, 50-52, 57, 52 
oriented strand board (OSB), 46, 46, 47 
plywood, 43, 43—46 
manufacture, 44, 44 
overlaid plywood, 44—46, 45 
veneer grades, 44, 45 
ratings and grades, 49—50, 57 
structural panels, 48 
engineered wood products, 805 
engineers, 199 
engineer's rod, 261, 261 
engineer's scale, 206, 207 
English measurements, 40-41, 47, 805 
entry doors. See exterior door units 
EPS foam, 326 
equilibrium moisture content, 21, 22, 805 
escutcheon plates, 805 
escutcheons, 646, 647 
Essex board measure tables, 81, 82 
evergreens, 32, 32, 805 


excavating equipment, 176, 176—177, 177, 178 
safety, 180—181 
excavations, 191, 791, 290, 805 
benching, 192, 192 
shielding, 193, 193 
shoring, 192, 192-193, 193 
sloping, 191-192, 192 
excavators, 177, 177, 805 
exit devices, 653, 653, 805 
expanded polystyrene (EPS) foam, 326 
expansion anchors, 64, 64, 805 
adhesive anchors, 67—68, 68 
expansion shields, 65, 65-66 
light-duty anchors, 64, 64—65, 65 
stud-bolt anchors, 66—67, 67 
expansion joints, 335, 805 
slabs, 768, 768—769 
walls, 768—770, 769 
expansion plug stud-bolt anchors, 66-67, 67 
expansion shields, 645 
exposure, 548, 548, 555, 555, 805 
extensible S-boom lifts, 169—170, 770, 178 
extension cords, 186, /86 
extension ladders, 171—172, 172 
extcrior building envelopes, 580 
water tables, 596, 597 
exterior doors, 234, 235, 573, 573-574, 574, 577 
installation, 574—577, 575, 576 
exterior elevation, 805 
exterior finish, 437, 437, 805 
exterior insulation and finish systems (EIFS), 438, 524, 
525, 580, 805 
exterior stairways, 684, 684 
exterior wall finish, 580 
extreme weather conditions, 293, 293—294 
eye protection, 183, 783, 279 


facades, 806 

face bricks, 806 

faced insulation, 517 

face-mount hangers, 352-353, 353 

face-mount joist hangers, 806 

face-nailing, 806 

face protection, 183, 783, 279 

face shields, 183, 806 

face sides, 806 

faces of hammers, 87, 87 

face veneers, 43, 43 

facing gauges, 598, 599 

factors of heat transfer, 508—509, 509 

factory and shop grade lumber, 36, 806 

factory edges, 806 

fall-arrest systems, 167—169, 168, 173, 173, 503, 504 
requirements, 169, 769 

fall distance, 169, /69 
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fall protection. See fall-arrest systems 
falsework, 806 
fascia boards, 546, 546, 549, 806 
fascia rafters, 806 
fasteners, 806 
adhesive anchors, 67, 67, 68 
center point tests, 144, 744 
concrete or masonry walls, 64—67 
drive pins, 67-68, 68 
driving into materials, 143-145, 744 
expansion anchors, 64, 64-67, 65, 66, 67 
expansion shields, 65, 65—66, 66 
hollow walls, 62-63 
light-duty anchors, 64, 64-65, 65 
metal connectors, 68, 68-71, 69, 70, 71 
powder-actuated fasteners, 143, 143 
screw anchors, 62, 63 
stud-bolt anchors, 66-67, 67 
studs, 67—68, 68 
toggle bolts, 62, 63 
wallboard anchors, 63, 64 
fastening methods, 420 
drive pins, 421-422, 42] 
self-tapping screws, 420, 420-421 
spot clinching, 422 
welding, 422, 422 
fastening tools 
hand tools, 87, 87-94, 90, 91, 93 
powder-actuated tools (PATs). See separate entry 
feeler bits, 129 
fiber, 806 
fiberboard, 5/, 51-52, 806 
fiber-cement siding, 597, 597-599, 598, 600, 806 
fiberglass, 806 
fiberglass composite doors, 574 
fiberglass insulation, 190, 790 
fiberglass-reinforced-plastic (FRP) plywood, 46, 46, 306, 806 
fiber-reinforced concrete (FRC), 305, 305 
fiber-reinforced glulam timbers, 723, 806 
fiber saturation point, 21, 806 
fields of vision, 258, 260 
field tile, 557, 557 
filler blocks, 370, 371—372, 372, 806 
filler metal, 147, 148 
filler rods, 806 
finger-jointed lumber, 55, 55 
finger joints, 806 
finish coats, 614, 614 
finish door openings, 385, 385 
finish floor elevations, 212, 806 
finish flooring, 676, 806 
block flooring, 650, 680 
laminate flooring, 680-681, 687 
plank flooring, 678-679, 679 
resilient finish flooring, 681—682 
strip flooring, 676, 676-678, 677, 678, 679 
wood materials, 676, 676-680, 677, 678, 679, 680 
finish grade lumber, 35, 36 
finish grades (FG), 213-214, 213, 214, 291, 291, 806 
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finish nailers, 139 
finish nails, 58, 58, 806 
finish stringers, 686, 806 
finish sanders, 135, 735 
fink trusses, 806 
fireblocking, 380, 380-381, 387, 806 
caulk, 381, 387, 807 
fire blocks, 806 
fire cuts, 727, 727, 807 
fire doors, 628, 629, 645—646 
fire-exit bolts. See exit devices 
fire extinguishers, 194—196, 795 
fireplace openings, 358, 358 
fire protection, 194 
extinguishers, 194—196, 195 
prevention, 196 
fire-rated doors, 574, 807 
fire resistance, 721—722 
fire-resistance ratings, 807 
fire-retardant lumber, 807 
firestopping caulk, 387, 381, 807 
fire types, 194 
fire walls, 807 
first-floor units, 425—428, 427, 428 
allowable joist spans, 426 
fixed ladders, 171, /71 
fixed-pin hinges, 651, 657 
fixed-sash windows, 225, 565, 566, 807 
fixtures, 807 
flagstones, 807 
flanges, 419, 419, 807 
flashing, 550—551, 551, 552, 558, 807 
flat bars, 94, 95 
flat bits, 129, 729 
flat box cornices, 547, 547 
flat core walls, 328, 329 
flat-grained lumber, 24, 807 
flat roof ceilings, 4/6, 416-417, 417 
flat-slab floors, 748—749, 749, 750, 807 
flat strapping, 807 
flat tile, 557, 558 
flatwork, 807 
flexible insulation, 807 
flexible membrane flashing, 569, 569, 807 
flight, 807 
floor beams, 807 
floor finishing. See finish flooring 
floor formwork, 748 
beam and slab floors, 748, 749 
decks and shoring, 750—752, 751, 752 
flat-slab floors, 748—749, 749, 750 
joist systems, 749—750, 750 
floor framing, 344, 360, 360, 363 
floor trusses, 368, 368 
joists, 350-358, 351, 352, 354, 355, 360—364, 361, 362. 
See also wood I-joists 
wood I-joists, 368-374, 370 
openings, 358, 358, 359 
posts and beams, 345-350, 346, 347, 346, 349, 350 


sill plates, 344, 345 
subfloors, 364—366, 365, 366 
underlayment, 366—368, 367 
underpinning, 345, 345 
floor guides, 807 
flooring, 807 
flooring chisels, 101, 707 
flooring sheets, 681, 682 
flooring tiles, 681—682, 682 
floor joists, 218, 350 
allowable joist spans, 350, 357 
butted against beams, 352, 352-354 
exterior wall support, 351—352, 352 
framing plans, 243, 244 
interior support, 352, 352 
lapped over beams or walls, 352, 352 
openings, 358, 358 
placement, 360—364, 361, 362 
spans, 426 
floor layers, 12 
floor openings, 358, 358—359, 360 
floor plans, 220—222, 221, 388, 808 
floor slabs. See concrete floor slabs 
floor ties, 402, 403 
floor trusses, 368, 368, 808 
floor underlayment, 366, 367 
cement boards, 367—368 
fastening methods, 366—367, 367 
floor units, 344 
sill plates, 344, 345 
underpinnings, 345, 345 
flues, 808 
flush bolts, 642, 652, 808 
flush doors, 628, 661, 661, 808 
flush pulls, 808 
flying forms, 757, 808 
fly sections, 172 
foamed-in-place insulation, 518—519, 579, 808 
foam insulation exposure, 190 
folding doors, 643, 643 
fold-out panel systems, 6 
foot/inch conversions, 215, 2/5 
footing depth, 290, 290 
footing drains, 338, 338, 808 
footing form elevations, 290, 290 
footings, 202—293, 293, 808 
constructing forms, 312, 312-313, 313 
foot lifts, 611, 672 
foot protection, 184, 784 
fore planes, 106 
Forest Stewardship Council (FSC), 7, 808 
forklifts, 106, 178, 778, 187, 187 
formaldehyde, 7, 808 
form bracket scaffolds, 164, 765 
form construction designs 
battered foundations, 318, 3/9 
driveway slabs, 333-335 
grade beam forms, 321—323, 323 
insulating concrete forms (ICFs), 326, 326—332, 327, 
328, 329, 331 


inverted T-shaped forms, 312-317 
monolithic foundations, 316—317, 3/7 
patio slabs, 333-335 
pier forms, 379, 319—320, 320, 321, 322 
rectangular foundations, 318, 3/9 
sidewalk slabs, 333—335, 334 
slab-at-grade forms, 323, 323—325, 324, 325 
stairway forms, 333, 333 
form-release agents, 740, 740, 808 
forms, 808 
form ties 
light concrete forms, 743, 743 
medium to heavy concrete forms, 743—745, 744 
formwork, 752—754, 753, 754, 808 
forstner bit, 129, 730, 808 
foundation, 808 
foundation anchors, 296, 296, 808 
foundation designs. See form construction designs 
foundation footings, 2/6, 285, 285, 292—293, 293, 306 
foundation forms, 740, 740 
construction joints, 741—742 
doors, 741, 742 
reinforcing steel bars, 741, 742 
windows, 741—742, 741 
foundation plans, 217, 808 
basements, 216—218, 277 
crawl spaces, 218, 219 
foundation plates, 296, 296, 808 
foundation sills, 293-294 
anchor bolts, 294, 294—295, 295 
concrete slabs, 296—297 
existing structures (retrofitting), 296, 296 
mudsill anchors, 295, 205—296 
sill plates, 294, 294—297, 295, 296 
foundation systems, 297, 297-298, 298 
concrete masonry units (CMUs), 298, 298-299, 299 
insect damage prevention, 339 
termites, 339—340, 340, 341 
wood-boring insects, 341—342, 342 
moisture control. See separate entry 
mold prevention, 339 
wood foundations, 299, 299—300, 300 
foundation walls, 216, 285, 285, 292, 292-293, 301 
backfilling, 291, 297 
building lines, 286—289, 287—288, 289 
building locations, 286 
excavation, 290 
grading, 291, 29] 
groundwork, 289—291, 290 
lateral pressure, 304, 304 
lot boundaries, 285—286 
trenching, 290, 290 
vertical pressure, 304, 304 
wood wall materials, 299, 299-300, 300 
four-way apex tiles, 557, 556 
frame-and-trim saws, 126 
frame construction, 808 
frames, 
of saws, 99 
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windows, 565, 565 
framing, 2, 3 
materials, 307, 307 
framing anchors, 808. See also metal connectors 
framing lumber, 33-34 
framing members, 375, 375-381, 383 
horizontal plate layout, 382, 382—387, 383, 384, 385, 
366, 387 
vertical layout, 387, 388 
framing nailers, 137—139, 739 
framing plans, 242, 242—243, 243, 244, 245, 246 
framing squares, 80-83, 87, 82, 83, 459, 808 
framing tools, 422-423 
clamps, 425, 425 
plasma arc cutting equipment, 424, 425 
pneumatic steel framing tools, 423, 423 
power shears, 424, 424 
saws, 423-424, 424 
screwguns and screwdrivers, 422—423, 423 
FRC, 305, 305 
free-fall distance, 169, 769, 808 
freestanding tower cranes, 179 
friction catch, 809 
friction piles, 735, 735, 809 
frieze boards, 546, 809 
front setbacks, 212, 273, 809 
front walks, 335, 809 
frost lines, 285, 285, 809 
FRP plywood, 46, 46, 306, 806 
FSC-certified materials, 7 
full-basement foundations, 297, 297 
full-head nails, 138 
fully self-leveling laser levels, 275 
fungi wood damage, 27 
furred-down ceilings, 415, 4/5 
furring channels, 479, 419—420 
furring strips, 331, 809 
fused (melted materials), 146, 809 


gable end louvers, 511, 577 
gable end overhangs, 449, 449, 456, 456-457, 547, 809 
gable louver-and-soffit venting systems, 513, 5/3 
gable roofs, 442, 442—443, 443, 459, 460, 809 
gable roof construction, 453-458, 456, 461, 461 
collar ties, 458 
common rafters, 455—456, 456, 459, 459, 460 
dormers, 461, 463 
gable studs, 458, 458-459 
overhangs, 456, 456-457 
purlins, 458 
ridge boards, 454—455, 455, 456 
wall plates, 453, 454 
gable studs, 448, 458, 459, 809 
gains, 809 
galvanizing, 809 
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gang forms, 756, 756, 809 

garage door openers, 578, 576 

garage doors, 577, 577-579, 578, 579 
installation, 578—579 

gas-filled windows, 528, 528, 809 

gauges, 419, 809 

general contractors, 10, 809 

general-purpose appearance grade lumber, 35 

geometric stairways, 685, 685, 809 

GFCIs, 115, 7/5, 810 

girders, 747, 747-748, 748, 809. See wood beams 

girts, 718, 809 

glass capsule adhesive anchors, 67, 68 

glaziers, 12 

glazing, 809 

gloves, 184 

glue block, 809 

glue bond, 809 

glued floor systems, 73 

glued laminated (glulam) timber, 53, 53, 722, 809 
appearance classifications (grades), 724 
camber, 724, 724 
construction methods, 727—730, 728, 729, 730 
deflection, 723, 723-724, 724 
fiber-reinforced timbers, 723 
timber design, 722-723, 723 
total load-carrying capacity, 724, 725 
trademarks, 724-726, 725 

glue-nailing, 809 

glues, 71-72, 72 

glulam beams, 347 

glulam timber. See glued laminated (glulam) timber 

goggles, 183, 783 

goosenecks, 686, 687, 809 

government departments, 13 

grade, 809 

grade beams, 298, 298, 321, 323, 809 
cast-in-place grade beams, 322, 323 
precast grade beams, 323, 323 

grade marks, 36, 36 

graders, 26, 26, 177, 177, 809 

grading, 213, 291, 809 

grains, 284, 284, 809 

gravel, 809 

gravel particles, 284, 284 

gravel stops, 561, 561 

gravel streak, 810 

gravity pins, 160 

green buildings, 7, 810 
materials and products, 7-8 
rating systems, 8, 8 

green lumber, 21, 810 

grip-handle locks, 647, 647, 810 

grip span, 94, 94, 810 

grit, 135 
chart, 136 

grit numbers, 135, 736 

groovers, 768 

ground, 810 


ground clamp, 810 
ground contact, lumber, 30 
ground fault circuit interrupter (GFCI) outlet, 115, 7/5 
ground fault circuit interrupters (GFCIs), 115, 775, 810 
grounding system (power tools), 115-116, 715, 116 
ground marks, 280—281 
groundwork, 289—291, 290 
grout, 295, 810 
guardrails, 153, 158, 759, 193-194, 194, 810 
regulations, 158, 759 
guide strips, 810 
gutters, 548, 546, 810 
guylines, 161—162, 763 
gypsum, 302 
gypsum boards, 73, 6/0, 610-611, 810 
airborne particles, 190 
finishing, 614, 6/4 
installation, 677, 611—614, 612, 613 
predecorated panels, 615, 615 
gypsum moldings, 668 


habitable rooms, 200, 200 
hacksaws, 100, 700 
half-hatchets, 90, 97 
halyards, 172 
hammer bits, 64 
hammer-drills, 130, 730, 810 
hammer-driven anchors, 65, 65 
hammers, 87—88, 810 

proper use, 88, 89 

rotary hammers, 64, 64 
hammer tackers, 91, 97 
hand drills, 105, 705 
handles 

bench planes, 106, 706 

hammers, 87, 87—88 

saws, 97, 97, 09 
hand protection, 184 
handrails, 668, 685—686, 686, 687, 695, 695-696, 810 
handsaws, 97, 97-99 

cutting action, 98, 99 

proper care, 99-100 

sawing technique, 99, 700 
handscrews, 103, 103 
hand signals 

crane operation, 180—181, 767 
hand-split shakes, 553-554 
hangers 

trusses, 500, 501 
hanger wire, 811 
hanging rails. See mounting rails 
HAP, 449 
hardboard, 52, 52, 811 


hardboard panel installation, 616-621, 617, 6/8, 619, 620, 621 


hard conversion, 41 


hard hats, 183, /83 
hardwood lumber, 37, 37, 811 
nominal dimensions, 38, 56 
hardwood plywood, 50-51, 57 
harness, 811 
hatchets, 90, 97 
hazardous materials, 188—190, 789, 790, 811 
hazardous waste disposal, 188 
HDO plywood, 306 
panels, 44—45 
HDPE drain tile, 338 
HDPE liners, 338 
header-cripple stud construction, 379 
header fastener holes, 354 
header joists, 229, 351, 352, 358, 811 
headers, 239, 239, 431, 431, 811 
metal material, 431 
wood material, 377—378, 378, 379 
head jambs, 233 
headlap, 548, 548, 811 
head lugs (anchors), 557 
head protection, 183, 783 
headroom, 694, 694, 811 
heads 
chisels, 101 
hammers, 87, 87 
hearing protection, 183-184 
heartwood, 20, 27, 811 
heated air movement, 540, 547 
heat flow, 811 
heat loss, 520, 520 
prevention, 526, 526—527, 527 
doors and windows, 525—528, 527, 528 
heat storage, 540, 542, 542—543, 543 
heat transfer, 506, 506—507, 507 
insulation materials, 507—508 
measurement factors, 508, 508—509 
methods of transfer, 507, 507—508 
resistance, 509, 509 
heat transmission, 525—526 
heavy construction, 3, 3-4, 811 
heavy-gauge framing, 429 


heavy timber construction. See timber constructed systems 


heavy-trade scaffolds, 160, 761 

heel plumb cut line, 811 

heels (of handsaws), 97 

heel tests, 152 

height above plate (HAP), 449 

height of instrument (H.I.), 260, 260 

helmets, 183, 783, 821 

HEPA filters, 189 

herringbone bridging. See cross bridging 

H.I., 260, 260 

high-density overlay (HDO) plywood, 306, 811 
high-density polyethylene (HDPE) drain tile, 338 
high-efficiency particle absorption (HEPA) filters, 189 
high-pressure laminate, 811 

high-pressure laminate (HPL) processes, 681 
high-quality appearance grade lumber, 34—35 
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high-security locks, 651, 657 

high-velocity PATs, 141 

hinged doors, 234 

hinge plates, 497, 498, 811 

hinges, 634, 634-636, 635, 636, 637, 651, 651, 811 
specialized, 651—652, 652 
standard, 651, 657 

hip caps, 556, 556 

hip jack rafters, 470, 477, 811 
common length difference, 470, 471, 472 
layout, 470—472, 471, 472, 473 

hip rafters, 465, 465—469, 466, 477, 811 
backing the rafters, 469, 470 
calculating lengths, 466—467, 467 
dropping the rafters, 470, 470 
layout, 467—469, 466, 469 
step-off method, 469, 469 

hip roofs, 442, 442, 811 
construction, 474, 474-475, 475 

hip starter tiles, 557 

hip tiles, 357, 558 

hip-valley cripple jack rafters, 476, 477, 478, 485, 485—486 
calculating length, 485, 485—486 
layout, 486, 486 

hip-valley jack rafters, 811 

hitches, 174, 774 

hoisting, 187-188 

hoisting equipment, 778, 178—179, 179 
safety, 180-181, 787 

holddown, 811 

hold-down straps, 408, 408 

hole saws, 130 

hollow-backed flooring, 676, 811 

hollow-core doors, 628, 629, 811 

hollow-core slabs, 811 

honeycombs, 27, 303, 812 

hoppers, 812 

hopper windows, 567, 812 

horizontal braces (scaffolds), 156, 157 

horizontal circles, 267, 267 

horizontal clamp screws, 256 

horizontal graduated circles, 256 

horizontal lifelines, 169, 812 

horizontally laminated members, 723 

horizontal sliding windows, 566, 567, 812 

horizontal tangent screws, 256 

horizontal vernier scales, 267, 267 

horse scaffolds, 165, 165 

house designs, 199—201, 200, 201 

housed stringers, 687, 688 

housekeeping, 185 

housewrap, 404, 404—405, 812 

housing tracts, 812 

H-shaped piles, 737 

hubs, 286, 812 

HUD code, 7 

HUD housing, 251 

humidity, 812 

hurricane ties, 402, 403, 436, 436 
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hydration, 766, 812 
hydration, concrete, 304 
hydraulic jacks, 758, 758 
hydrostatic pressure, 337 


IBC, 250-251 
inspections, 252, 253 
I-beams, 54, 54 
ICC, 250 
ice and water guards, 549, 549, 812 
ice dams, 549, 812 
ICF systems. See insulating concrete forms (ICFs) 
IIC ratings, 531, 812 
immersion vibrators, 812 
impact insulation class (IIC) ratings, 531, 812 
impact wrenches, 130, 737, 812 
impermeable materials, 511, 812 
inactive doors, 642, 812 
inch/foot conversions, 215, 2/5 
indenture, 16 
indirect gain, 539 
individual shingles, 550-551, 557 
industry and standards organizations, 12-16 
listings, 14 
infiltration, 525, 812 
prevention, 526, 526-527 
infrared beams, 274 
in-line framing, 428, 428, 812 
insect damage prevention, 339 
carpenter ants, 341, 347 
termites, 339—340, 340, 341 
wood-boring beetles, 341—342, 342 
wood wasps, 341, 341 
inserts, 812 
inside-climbing tower cranes, 179 
inside corner posts, 603 
inspect, 813 
inspections, 252, 253 
record cards, 254 
inspectors, 813 
install, 813 
insulated doors and windows, 527, 527—528 
insulating concrete forms (ICFs), 326, 326, 327, 813 
attaching forms, 330, 330-331, 331 
concrete placement, 332 
door bucks, 329, 329 
floor systems, 332, 332 
ledger connectors, 330, 330 
LEED” certification, 326 
pillowing, 332 
rebar placement, 332 
roof deck systems, 332, 332 


system types, 326—327, 327, 328 
tools and handling, 328, 329 
wall construction, 337, 331—332, 332 
wall designs, 328, 329 
wall finishes, 331, 337 
window bucks, 329, 329 
insulating glass, 813 
insulation, 438, 438 
building design, 528, 529 
exterior insulation and finish systems (EIFS), 524, 525, 438 
roof systems, 524—525, 525 
thermal insulation. See separate entry 
insulation exposure, 190, 190 
insulators, 507 
interior doors, 234, 236, 236 
interior door units 
bypass doors, 642, 642 
doorjambs, 628, 628, 630—632, 631, 633 
door openings, 630-632, 631 
construction prints, 630 
door styles, 628—630, 629, 630 
double doors, 642 
astragals, 667, 668 
fire doors, 628, 629, 645-646 
fitting doors, 632, 634, 638, 638 
folding doors, 643, 643 
hanging doors, 634, 634—637, 635, 636, 637, 638 
installation, 632—640, 633, 634, 635, 636, 637, 638, 639, 640 
metal doors, 643, 643—646, 644, 645, 646 
metal frame installation, 644, 644 
pocket sliding doors, 642, 642 
prehung door installation, 638—640, 639, 640, 641 
recessed doors, 642, 642 
steel doors, 644—647, 645, 646 
stops, 632, 634 
interior finish, 813 
interior finish fastening, 439 
interior stairways, 684, 684 
interior trim, 666, 813 
base molding installation, 671, 673, 673, 674 
ceiling molding installation, 674, 674—675 
composite molding, 668 
door opening trim, 668-669, 669, 670 
rails, 668 
shapes and profiles, 667, 667—668 
window opening trim, 671, 671-672 
wood molding, 666, 666—668, 667, 668 
interlocking ribs, 557 
interlocking sheet piling, 192, 792 
internal compensators, 266 
internal disconnecting ties, 743—745, 744 
internal vibrators, 762, 762, 813 
International Building Code? (IBC), 250—251, 693 
commercial stairways, 696—699, 697, 702 
inspections, 252, 253 
International Code Council? (ICC), 250 


International Energy Conservation Code?, 251—252 
International Residential Code? (IRC), 250—251, 693 
residential stairway requirements, 693, 693-696, 694, 
695, 696, 702 
intersecting roofs, 443, 443, 813 
intersecting roof construction, 487 
blind valley construction, 492, 493 
calculating ridge board lengths, 490, 497 
calculating ridge board lengths, 489, 489 
framing procedures, 492 
framing procedures, 491, 497 
locating points of intersection, 487, 488 
intersecting roof spans, 477, 478 
intumescent caulk, 381 
inverted T-shaped foundations, 292, 292, 312, 813 
footings, 3/2, 312-313, 313 
monolithic foundations, 372, 316—317, 317, 318 
pouring height, 317, 378 
walls, 313-316, 314 
invisible hinges, 813 
IRC, 250-251, 693 
residential stairway requirements, 693, 693-696, 694, 
695, 696, 702 
isolated gain, 539 
isolation joints, 335, 813 


jack planes, 106 
jack rafters, 813 
jackrods, 758, 758 
jacks 

hydraulic jacks, 758, 758 
jalousie windows, 567, 813 
jambs, 813 
JATC, 813 
J-channels, 602—603, 603 
Jigsaws, 720, 120-121 
Jitterbugs, 303 
job-built forms, 308, 309 


Joint Apprenticeship and Training Committee (JATC), 813 


jointer planes, 106, 706, 813 

jointing lumber, 106, 813 

joints, 396, 813 

joist fastener holes, 353, 354 

joist hangers, 352-353, 353, 354, 813 
installation, 363, 364 
wood I-joists, 370, 370 

joists, 813 
allowable joist spans, 350, 357 
bridging between joists, 355—357, 356, 357, 358 
butted against beams, 352, 352—354 
cantilevered joists, 355-356, 356 
chimney openings, 358, 358 
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doubling joists, 355, 355 
fireplace openings, 358, 358 
floor joists, 350—358 
allowable joist spans, 350, 357 

floor openings, 358, 358 
lapped over beams or walls, 352, 352 
parallel floor joists, 355, 356 
stairway openings, 358, 358 
steel floor joist spans, 426 

joist spans, 351 

joist ties, 813 

journeymen, 813 


kerfs, 97, 813 

keyed/nonkeyed locks, 648 

keyhole saws, 98 

key strips, 313 

keyways, 313, 813 

k factor (conductivity), 508, 508 

kickers, 813 

kick plates, 654, 654, 813 

kiln drying lumber, 25, 25, 813 

kilns, 25 

king common rafters, 477 

kingpost truss, 813 

kitchen cabinets, 655 
built-in units, 662—663 
construction, 655, 655—657, 656, 657, 658 
details, 240, 240—241, 241 
doors and hinges, 661, 661—662, 662 
installation, 657—663, 658, 659, 660 

kitchen countertops. See countertops 

knee pads, 184 

knob, 706,106, 814 

knocked-down unit, 814 

knockouts, 369, 429, 814 

knots, 174, 774, 814 
lumber defects, 26, 27 

krypton gas, 814 


ladder duty ratings, 173 

ladder jack scaffolds, 173, 174, 814 

ladders, 777, 171-173, 814 
duty ratings, 173 
ladder jack scaffolds, 173, 174, 814 
regulations and standards, 172-173 
safe climbing, 173, 173 
securing bases, 172, 172 
regulations and standards, 172—173 
trestle ladders, 173, /74 

ladder units (scaffolds), 158-159, 159 
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lag bolts, 62, 62, 814 
lagging, 192, 192, 814 
Lally columns, 349, 349, 814 
laminated block flooring, 680, 680 
laminated glass, 534, 814 
laminated veneer lumber (LVL), 53-54, 54 
laminate flooring, 680—681, 814 
laminated block flooring, 680, 680 
laminate trimmer, 133-134, /35 
laminating adhesives, 614 
lams, 722-723, 723, 725 
landing newel posts, 686, 686, 687, 814 
landings, 685, 685, 687, 695, 695, 814 
lanyards, 168, /68, 814 
lap joints, 814 
lapped joists, 352 
laps, 814 
laser beams, 274, 277 
laser diodes, 274, 814 
laser hand levels, 79, 79, 814 
laser levels, 273—274, 274, 290, 627, 814 
beams, 274, 276 
detectors, 275, 275 
positioning levels, 275, 276 
safety, 278-279, 279 
selection, 276—277 
set up and operation, 277—278 
types, 275 
laser plummets, 280 
lasers, 274, 814 
exposure protection, 279 
latch bolts, 814 
latch retractors, 814 
latch units, 814 
lateral braces, 434 
lateral forces, 293, 293, 814 
lateral pressure, 304, 304 
lathers, 12 
lattice-boom cranes, 178-179, 179 
lattices, 814 
layers, plywood, 43 
layout tools. See also survey instruments 
levels, 77, 77-79, 78, 79 
marking utensils, 84-86, 85 
squares, 79—84, 80, 81, 82, 83 
lead-alloy anchors, 65 
leader lines, 204 
Leadership in Energy and Environmental Design? 
(LEED®). See LEED® 
leads, 189 
electrode welding, 147 
leafs, 814 
leaks, 337, 339 
ledgers, 160-161, 761 
ledger strips, 814 
ledger connectors, 330, 330 
LEEDS, 814 
certification, 8, 8 


insulating concrete forms (ICFs), 326 
metal framing members, 418 
left-hand doors, 646, 646 
left-hand reverse doors, 646, 646 
length of hip, 466 
let-in brace, 814 
leveling instruments. See survey instruments 
leveling rods, 261, 276 
arm signals, 262 
leveling screws, 273, 278 
leveling tools, 77, 77-79, 78, 79 
leveling vials, 256 
level lines, 77, 77 
levels, 814 
laser levels, 627 
lever caps, 106, 706 
levers for doors, 647 
L-headers, 431, 437 
lifelines, 167, 766, 169, 169, 504, 814 
lifting brackets, 814 
lifting equipment, 778, 178-179, 179 
safety, 180-181, 787 
lifting techniques, 184, 785 
lift (layer), 762, 762 
lift plates, 814 
lifts, 169-170, 770, 814 
safety, 170—171, 171 
lift-slab construction, 4, 777—778, 778, 814 


light amplification by stimulated emission of radiation, 274 


light construction, 2, 2-3, 815 
light-duty anchors, 64, 64-65 
light form ties, 743, 743 
light framing (LF) lumber, 33 
light-gauge steel, 815 

construction methods, 425 

framing members, 418-420, 419, 420 
lights (panes of glass), 248, 565, 565 
light-trade pole scaffolds, 160, 767 
lignin, 20, 815 
limestone, 302 
lineal feet, 815 
line levels, 79, 79 
lines of sight, 260, 260, 815 
lines of travel, 702, 702, 815 
linetypes, 204, 206 
linoleum, 815 
lintel, 815 
lipped doors, 661, 661, 815 
lips, 419, 479, 815 
liquid membranes, 337, 337 
lite, 815 
live loads, 347, 444, 815 
load-bearing beams, 347 
load-bearing partitions, 375 
load-bearing studs, 429 
load-bearing walls, 815 


load duration factors, 348, 348 
loaders, 177, 177, 815 
load stiffeners, 371, 571 
lock blocks, 815 
locking C-clamps, 425, 425, 815 
locking devices (scaffolds), 159, 760 
locking latches, 815 
lock levers, 266 
locks. See door locks 
locksets, 646—647, 647, 815. See also door locks 
logs, 24 
longitudinal roof beams, 712, 7/2, 815 
longitudinal sections, 227, 815 
lookout rafters, 416 
lookouts, 547, 549, 815 
loop ties, 743 
loose fill insulation, 516-517, 5/7, 518, 815 
loose-pin hinges, 634, 634, 651, 65/, 815 
loose-stop doorjambs, 630, 63/ 
lot boundaries, 285—286 
lots, 284, 815 
lot surveys, 815 
louvers, 815 
low-E, 528, 815 
low-emittance (low-E) coatings, 528, 815 
low-velocity PATs, 141 
L-shaped foundations, 292, 292-293, 815 
L-shaped stairways, 685, 685, 701, 815 
lumber, 21, 24, 815 
defects, 26—27 
natural causes, 26, 27 
unnatural causes, 27 
warpage, 26, 27 
engineered lumber, 52—55, 53, 54 
engineered wood panels, 42—52, 43, 45 
exposure conditions, 30, 30 
fire retardants, 30—31 
grade marks, 30, 50, 36, 36 
grading, 26, 26 
grading systems 
hardwood, 37 
softwood, 33-36 
hardwood lumber, 32, 37, 37 
industrial lumber, 36 
measurements, 38, 40, 4/ 
metric sizes, 41, 4/ 
moisture content, 21—22, 22 
nominal dimensions, 38, 38 
ordering specifications, 38-39 
panel sizes, 41, 47 
planing, 26, 26 
preservatives, 27—29, 29 
pressure-treated lumber, 30, 30 
sawing methods, 24—25, 25 
seasoning methods, 25 
shrinkage, 21—22, 22 
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softwood lumber, 32, 32-36 metal connectors, 68, 68—71, 69, 70, 401, 401, 402, 816 


classifications, 43, 43 metal flashing, 568, 583 

surfacing types, 39, 39 metal frame construction, 425 
standard sizes, 40, 40 ceiling-floor joists, 433, 433—434, 434 
surfacing types, 39, 39 first-floor units, 425—428, 426, 427, 428 
treatments, 27 roof rafters, 434, 435 

fire retardants, 30-31 roof trusses, 434—436, 435 


studs, 429, 429 
subfloor units, 428 
tracks, 429, 429 
wall construction, 428, 428-433, 430, 432, 433 
metal framing, 418, 4/8 
fastening methods, 420, 420—422, 421, 422 
framing tools, 422—425, 423, 424, 425 
light-gauge steel framing members, 4/9, 419—420, 420 
regulations, 419 
safety, 425 
metatarsal guards, 184 
meters, 40—41 
metric system, 40-41, 47 
midrails, 153, /59, 194, 194 
regulations, 158, 159 
mill numbers, glulam, 724 
millwork, 816 


machine bolts, 62, 71, 7/, 815 
machine screws, 60-61, 6/ 
Machine Stress-Rated (MSR) lumber, 34 
magnetic catches, 815 
main entrance doors, 816 
main runners, 627, 627 
main stairway, 816 
mansard roofs, 442, 442, 816 
manual-leveling laser levels, 275-276 
manufactured housing, 5, 816 

mobile homes, 6-7, 7 

modular units, 6 

panel systems, 5, 5—6, 6 


marking tools, 84—86, 85 millworkers, 11, 13 
masonry, 816 millwrights, 12, 816 
masonry bits, 129, 129 mils, 419, 816 
masonry construction, 2 mineral fiber, 524 
masonry nails, 58, 58, 816 Minimum Property Standards (MPS), 251 
masonry veneers, 438, 436, 816 minutes, 269-270, 270, 816 
mastics, 71, 72—73, 73, 816 miter boxes, 98, 98 
material handling, 187, 187-188 mitered stringers, 704, 704, 816 
material safety data sheet (MSDS), 188, /89, 816 miter gauges, 124, 124 
matt foundations, 738, 816 miter joints, 816 
maximum intended loads, 153 miter joint movement, 670, 670-67 1 ,671 
MDF, 816 miter saws, 98, 125, 125—126, 675 
MDO, 816 miter vises, 105 
MDO plywood panels, 44—45 mixture segregation, 303, 816 
measurements, 40 mobile homes, 6-7, 7 
conversion charts, 215, 2/5 mobile scaffolds, 155, 156, 817 
conversions, 41 model codes, 250-251, 817 
metric linear units, 40—41, 47 Model Energy Code, 251 
metric lumber and panel sizes, 41, 47 modular home, 817 
measuring tools modular units, 5-6, 817 
steel tapes, 77, 77 modulus of elasticity, 34 
tape measures, 76, 76, 77 moisture content, 817 
mechanical cores, 6, 816 moisture control, 336, 5/7, 5] 1-513, 572, 513 
mechanical symbols, 210 capillary action, 336, 336 
mechanical vibrators, 303, 303 footing drains, 338, 338 
medium-velocity PATs, 141 moisture-resistant vapor barriers, 336, 337 
medium-density fiberboard (MDF), 816 sump wells, 338, 339 
medium-density overlay plywood (MDO), 816 waterproofing foundation walls, 337, 337—338 
medullary rays, 20, 816 wood foundations, 300 
mesh cores, 816 moisture meters, 21, 22, 817 
metal-cutting saws, 100, 700 moisture-resistant vapor barriers, 336, 337 
metal connector plates, 497, 497, 816 molded anchors, 64, 64 
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molders, 666, 817 

molding. See interior trims 

mold prevention, 339 

monolithic concrete, 3, 5, 748, 748, 817 
monolithic foundations, 3/2, 316—317, 317, 318 
mortise, 817 

mortise-and-tenon joints, 817 

mortised locksets, 650, 650, 817 

mortising gains, 635, 635—636, 636, 658 
mosaic flooring, 680 

motorized total stations, 281 

mounting plate, 817 

mounting rails, 659, 659, 817 

moving heated air, 540, 541 

MPS, 251 

MSDS. See material safety data sheet (MSDS) 
mudshores, 817 

mudsill. See sill plate 

mudsill anchors, 295, 205—296, 817 
mudslabs, 318 

mullions, 817 

multifolding doors, 643, 645, 817 

multiple glazing, 817 

multiple-pane windows, 528, 528 
multiple-point suspension scaffolds, 163, 164 
muntins, 565, 565, 817 


NAHB, 13, 74 
nail claws, 94—95, 95 
nailers, pneumatic, 137-139, 138, 139 
safety precautions, 145 
nail gauges, 57 
nail hole slot punches, 602 
nailing methods, 89, 89-90, 90 
nailing plates, 817 
nails, 56—58, 57, 71 
asphalt roofing, 552 
finish work nails, 58, 58 
holding power, 58, 58 
methods of nailing, 89, 89-90, 90 
rough work nails, 57, 57-58 
shanks, 58, 56 
sizing system, 57, 57 
strength of nails, 58, 56 
nail saws, 100, 700 
nail sets, 90, 90, 817 
National Association of Home Builders (NAHB), 13, /4 
National Building Code, 250 
National Fenestration Rating Council (NFRC), 564, 564 
National Fire Protection Association (NFPA), 194 
National Grading Rule for Dimension Lumber (NGR), 55 


National Hardwood Lumber Association (NHLA), 14, 75, 37 


natural grades (NG), 291, 291, 817 


newel posts, 686, 686, 817 
NGR, 55 
NHLA, 14, 75, 37 
nodes, 155, /55 
noise intensity, 183-184, 184 
noise reduction. See sound control 
nominal lumber sizes, 38, 38, 40, 40, 817 
nonionizing radiation, 279 
non-load-bearing beams, 347 
non-load-bearing partitions, 375 
non-load-bearing studs, 420 
non-load-bearing walls, 817 
nonstructural units, 5 
nonveneered panels, 817 
nonwood siding, 596 
aluminum siding, 599—600, 600 
fiber-cement siding, 597, 597-599, 598, 599, 600 
vinyl siding, 601, 601—603, 602, 603 
North American Steel Framing Alliance. See Steel 
Framing Alliance (SFA) 
nosing returns, 686, 687 
nosings, 686, 687, 817 
notches, 817 


objective lenses, 256 
Occupational Safety and Health Administration (OSHA), 
14, 15-16 
octagon tables, 83, $5 
oil-borne preservatives, 818 
oilstones, 108, 109 
on-center, 818 
one-and-one-half-story houses, 200, 200 
one-piece swing-up garage doors, 577 
one-story houses, 200, 200 
one-way joist systems, 749—750, 750, 818 
open-end frames, 153, 754 
openings, 358, 558 
open panel construction, 5, 5, 818 
open stringers, 686, 657, 818 
open valley flashing, 551, 557 
operating engineers, 12 
orbital motion, 818 
orbital sanders, 135, 7135 
organizations, 12-16 
listings, 14 
orientation, 199, 818 
oriented strand boards (OSB), 46, 46-47, 402, 447, 447, 818 
oriented strand lumbers (OSL), 54—55, 55, 818 
orthographic drawings, 204, 205, 818 
OSB, 46, 46-47, 402, 447, 447, 818 
oscillating motion, 818 
OSHA, /4, 15-16 
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OSL, 54—55, 55, 818 
outdoor slab construction, 333-335, 334, 335 
out-of-level indicators, 273 
outriggers, 155, 756 
outrigger scaffolds, 163, 764 
outside casings, 573 
overdrive control mechanisms, 423 
overhangs, 449, 818 
gable end overhangs, 449, 449, 456, 456-457 
overhead garage doors, 818 
overlaid plywood, 44—46, 45, 818 
overlap gauges. See facing gauges 
overlay doors, 667, 661—662, 818 
overturning, 293, 293 
oxyacetylene welding, 147—149, 748, 149, 818 
Ozalid? transfer, 202 


painters, 12 
palm nailers, 139, 739, 818 
panes, 818 
panel clips, 447, 818 
panel doors, 628-630, 629, 630, 818 
panel forms, 308—310, 3/0, 754—758 
engineered wood panels. See separate entry 
flying forms, 757, 757 
gang forms, 756, 756 
plywood. See separate entry 
siding, 589—592, 590, 591, 592, 593 
slip forms, 757, 757—758, 758 
systems, 5, 5-6, 6 
paneling, 73, 73, 818 
panelization, 436, 818 
panelized construction, 818 
panel screws, 61 
panel sheathing, 306, 306—307 
paperhangers, 12 
paperless drywall, 610—611, 818 
paperless gypsum board, 610-611 
parallel-strand lumber (PSL), 54, 54, 818 
parapets, 417, 477, 560, 818 
parquet, 818 
flooring, 680 
particleboard, 52, 52, 819 
parting strips, 819 
partitions, 222, 375, 819 
passive solar cooling, 539, 539-540, 540 
passive solar heating, 537, 537-540, 538, 539, 540 
patented ties, 819 
patio doors. See sliding glass doors 
patios, 333-335, 819 
PATs. See powder-actuated tools (PATs) 
patterns, 819 
pawl locks, 172 


854 CARPENTRY 


PCA, 14, 16 
peel-and-stick flashing, 569, 569 
peeler blocks, 819 
peeler logs, 44 
pencil rod ties, 743 
penny, 819 
pentachlorophenol, 28-29 
Performance Rated I-joists (PRIs), 369, 369 
performance rated panels, 42-43, 43, 50 
categories, 48 
perimeters, 819 
perlite, 524, 819 
permanent wood foundations, 299, 299 
permeability, 511 
permits, 252, 253, 254 
perm ratings, 511, 819 
personal fall-arrest systems, 167-169, 168, 173, 173, 503, 
504, 819 
requirements, 769, 169 
personal protective equipment (PPE), 56, 87, 182-185, 
183, 164, 185, 819 
phenol formaldehyde, 819 
phenolic resin, 72 
Phillips-head screws, 819 
Phillips screwdrivers, 91-92, 92 
photovoltaic systems, 540 
pH scales for concrete, 302 
pick-up operations, 401 
pictorial drawings, 204, 205, 819 
elevation views, 224 
floor plans, 222 
foundation plans, 217 
plot plans, 214 
section views, 229, 230 
picture-frame window trim, 671, 671 
pier blocks, 819 
pier forms, 202—293, 293, 319, 319-321, 320, 321, 322 
setting bolts, 320 
pier holes, 322, 322 
piers, 819 
pilasters, 746, 746, 819 
pile-driver operators, 11 
pile-driving rig, 819 
piles, 734, 734-735, 735, 819 
parts, 735, 736 
shapes, 736 
types, 735, 735-737 
pile shoes, 735, 819 
pillowing, 332 
pilot holes, 819 
pin guns. See pneumatic steel framing tools 
pin length, 421 
pins, 819 
pipe clamps, 103 
pipe columns, 216 
pipefitters, 11—12 
pistol-grip handles, 129, 130 


pistons and heads, 137, 138 plywood rakes, 517 


pitch, 443—444, 819 pneumatic clinchers, 422, 422 
pitch pockets, 26, 819 pneumatic nailers, 71, 137—139, 138, 139, 365 
pitch streak, 26, 819 safety, 140 
pith, 20, 27, 819 pneumatic staplers, 140, 740 
placing concrete, 3, 303, 303, 760, 760—763, 761, 762 pneumatic tools, 423, 423, 820 
admixtures, 763 pocket sliding (recessed) doors, 236, 237, 642, 642, 820 
placing modular units, 6 pocket square. See Speed? Squares 
plainsawn lumber, 24, 25, 819 point loads, 372 
plain stick method, 262 points of beginning, 262, 264, 264 
plane irons, 106, 706, 108—109, 109 points per inch (handsaws), 97, 97 
planers, 26 pole construction. See post-frame construction 
plank flooring, 678—679, 679, 819 poles, 160, 761 
planks, 819 polyisocyanurate, 524 
plans, 201—202, 203 polymer-modified asphalt, 337 
planter strips, 212, 2/3, 819 polystyrene, 524 
plan views, 819 polyurethane, 337, 820 
plasma arc cutting, 424, 425 polyvinyl butyral (PVB), 534 
plasterers, 12 polyvinyl chloride (PVC) drain tile, 338 
plastic laminate, 663, 665, 819 polyvinyl resin glues, 72 
countertops, 663-664 ponding, 820 
wallcoverings, 624, 624 portable power planes, /32, 132-133 
plastic moldings, 668 safety, 133 
plate levels, 78, 78, 401, 819 portland cement, 302, 820 
plates, 376, 397, 397, 819 Portland Cement Association (PCA), 14, 16 
layout, 382, 382 positive-placement nailers, 71, 7/, 820 
plate ties, 402, 403 post-and-beam construction, 2, 3, 708—709, 709, 820 
platform framing, 2, 5, 820 building framework, 7/4, 714—718, 715 
plenums, 542 floor systems, 709-710, 710 
pliers, 93, 93-95, 94 post-frame construction. See separate entry 
plies, 43, 820 roof systems, 7/2, 712—714, 713, 714 
plot plans, 212—213, 2/3, 820 timber frame construction, 708, 716, 716—717, 718, 723 
benchmarks, 214 wall systems, 711, 711—712 
contour lines, 215 post-and-beam subfloor systems, 366, 367 
elevations, 213, 215 post caps, 346, 347, 820 
finish grades, 212—214, 2/3, 214, 291, 291 post-frame construction, 708, 717—718 
foundation walls, 285, 265 building construction methods, 718-719, 719 
natural grades, 215, 291, 291 posts, 345, 820 
plumb, 77, 77, 820 bases, 345—346, 346 
plumb bobs and lines, 79, 80, 268, 268, 820 construction. See post-and-beam construction 
plumb cuts, 449, 449 Lally columns. See steel pipe columns 
plumbers, 11 placement, 349-350, 350 
plumbing (alignment), 271, 271 post caps, 346, 347, 820 
plumbing permits, 252 steel pipe columns, 349, 349 
plumbing utilities, 212, 2/3 wood posts, 345—346, 346 
plungers (guard bolt), 648, 648 post-tensioned slabs, 325, 325-326 
Plyform®, 45, 46, 306 post-tensioning concrete members, 773, 820 
plywood, 43, 43-44, 44, 820 pour strips, 317, 318, 820 
forms, 739, 739-740 powder-actuated tools (PATs), 68, 66, 140, 141, 820 
installation, 616—621, 617, 618, 619, 620, 621 center point tests, 144 
maintenance, 740, 740 fasteners, /43, 143-145, 144 
manufacture, 44, 44 operating principles, 141, 747 
overlaid plywood, 44—46 powder loads, 742, 142—143 
panels, 615, 615-616, 616 safety, 145 
veneers, 43, 43-44, 44 types, 141, 742 
grades, 44, 45 powder loads, /42, 142-143, 820 
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powderpost beetles, 342, 342 

power buggies, 761, 761, 820 

power drills, 728, 128-129 
bits, /29, 129-130 
hammer-drills, 130, 730 
rotary hammers, 130, /30 
safety, 131 
shanks, 129, 729 
variable-speed drills, 129 

power planes, /32, 132-133 
safety, 133 

power sanders, /35, 135—136 
abrasives, 135—136, 136 

power screwdrivers, 130-131, 737 

power shovels, 177 

power tools 


ground fault protection, 775, 115-116, 716 


safety, 114—115, 131 
pozzolans, 763, 820 
PPE. See personal protective equipment 
precast concrete, 820 
concrete members, 772, 772-773, 773 
concrete units, 4, 4 
prestressed concrete, 773—774, 774, 775 
precast piles, 735, 736 
prefabricated building units, 4—5, 820 
mobile homes, 6-7, 7 
modular units, 6 
panel systems, 5, 5-6, 6 
sectional units, 6 


prefabricated concrete. See precast concrete 


prefabrication, 820 
preferred angles, 820 
for stairs, 688, 689 
prefinished materials, 821 
prehung doors, 574, 630, 821 
installation, 638—640, 639, 640, 641 
preservatives, 27—29, 29, 821, 833 
pressure treatments, 821 
prestressed concrete, 773-774, 774, 821 
pretensioning, 773, 775, 821 
prints, 204—206, 205, 207 
abbreviations, 211 
dimensions, 205 
finish openings dimensions, 392, 392 
linetypes, 204, 206 
orthographic drawings, 204, 205 
scales, 205-206, 207 
symbols, 207, 208, 209, 210 
PRIs, 369, 369 
prisms, 821 
prism poles, 281, 287 
property lines, 213, 2/3, 821 
property lines (PL), 285, 285 
property points, 286 
protective systems, 191 
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pry bars, 94, 94 

prying tools, 94, 94—96, 95 

pueblo revival architecture, 198, 798, 821 
pump jack scaffolds, 164, 765, 821 
punchouts, 429 

purlins, 445—446, 458, 727, 821 
push bars, 821 

pushbutton devices, 648, 821 

push plates, 654, 654, 821 

putlogs, 155, 756, 821 

PVB, 534 

PVC drain tile, 338 


Quality Knotty grade lumber, 36 
quarter round, 821 

quartersawn lumber, 24—25, 25, 821 
quirks, 596 


rabbet, 124, 821 

rabbeted doorjambs, 630 

rabbet joints, 655, 821 

rabbet planes, 107, 707 

racking, 293, 293 

radial arm saws, 122, 122—123, 123, 821 

radiation, 507—508, 508, 821 
warnings, 279 

rafter anchors, 446, 446 

rafter angle squares, 84, 84 

rafters, 821 
actual length, 793 
common rafters. See separate entry 
hip rafters, 465-469, 466, 467, 468 
king common rafters, 477, 478 
valley rafters, 479 

rafter spans, 444—445, 445 

rafter support braces, 434, 435 

rafter tables, 450, 450—451, 821 

rafter ties, 403 

rails, 668, 821 

rainscreen walls, 405-406, 406, 821 

rake ends, 821 

rake sections, 547, 547 

rake tiles, 557, 558 

ramps, 194, 795, 82] 

random orbital sanders, 135, 135 

random widths and lengths (RWL), 38 

rasps, 110, 7/7 

ratchet braces, 105, 705 

RCRA, 188 


ready-mixed concrete, 303, 821 right angles, 266, 268—269, 269 


reamer and bucket, 821 right-hand doors, 646, 646 
rebar, 304, 305, 754 (The) Right S-T-U-F, 419—420, 420 

footings, 313, 374 Right To Know (RTK), 188 

form walls, 741, 742 rigid foam insulation, 520—523, 521, 522, 523, 524, 525, 
recessed doors. See pocket sliding doors 526, 822 
reciprocal motion, 821 rigid panels, 338, 338 
reciprocating saws, 720, 120-121, 821 rim boards, 370, 370, 822 
reconstituted wood, 821 OSB rim boards, 55, 55 
rectangular foundations, 292, 293—294, 316, 319 rim joists. See header joists 
rectangular moldings, 674 rim tracks, 425—426, 427, 428, 822 
red iron steel framing. See structural steel framing ring-shank nails, 58 
reduced shanks, 129, 729 rip blades, 822 
reflection, 536, 536 rip fences, 124, 124 
reflective insulation, 821 ripping, 822 
reflectorless total stations, 281—282 ripping bars, 94, 94 
register, 821 ripping chisels, 94, 95 
regulator valves, 137 ripping hammers, 88, 88 
reinforced concrete, 3, 5, 304, 821 rips, 822 
reinforcing bars, 821. See also rebar ripsaws, 99, 99, 822 
reinforcing-metal workers, 11 rise, 822 
reinforcing steel bars. See rebar risers, 686-687, 687, 695, 822 
remanufacturing lumber products, 36 exterior stairways, 705, 705 
remodeling, 3 marking riser height, 689—690, 690 
remote keyboards, 281 riser height, 694, 694 
resawn lumber, 39, 59, 822 rivet pins, 160 
resawn shakes, 553—554 roads, 212, 213 
residential construction, 2, 2-3, 822 Robertson screwdrivers, 91 
residential post-and-beam. See post-and-beam robotic total stations, 281 

construction roller hangers, 822 

residue, 23, 822 rolling scaffolds, 155 
resilient channels, 822 rolling steel garage doors, 577, 578 
resilient finish flooring, 681—682, 682 roll tile, 557, 558 
resilient tiles, 822 roof anchors, 503 
resin, 822 roof-and-soffit venting systems, 513, 5/3 
resistance (R) value, 509, 509, 514, 515, 516, 822 roof beams, 822 
resorcinol resin, 72 roof covering, 548, 548 
Resource Conservation and Recovery Act (RCRA), 188 asphalt shingles, 550, 550—552, 551, 552, 555 
respiratory protection, 184—185, 755, 190, 822 built-up roof coverings, 560—561, 561 
retaining walls, 213, 822 metal roof coverings, 559—560, 560 
retarder, 822 preparation for covering, 549, 549—550, 550 
retrofitting structures, 296 tile roofing, 557, 557-559, 558, 559 
reveals, 669, 822 wood shingles and shakes, 553, 553-557, 554, 555, 556, 557 
ribbands, 412, 473, 822 roofers, 12, 548 
ribbons, 160, 761, 822 roof formwork, 748, 752 
ridge-and-soffit venting systems, 513 roof frame construction 
ridge beams, 822 domes, 729—730, 730 
ridge board lengths, 489, 489—490, 491 dormers, 461, 463, 464 
ridge boards, 448, 448, 455, 455, 822 gable roofs, 453-458, 456 
ridge plumb lines, 822 gambrel roofs, 461, 461 
ridges, 822 hip roofs, 465, 474, 474-475, 475 
ridge tiles, 557, 556 intersecting roofs, 487, 487—492, 468, 491, 492 
riding saws, 100 roof trusses, 495, 495—504, 496 
rift sawing lumber, 24-25, 25 shed roofs, 461, 462 
rift sawn, 822 timber materials, 727—728, 728 
rigging, 187, 187, 822 roof insulation, 524 


Index 857 


rigid insulation materials, 524 
rigid insulation systems, 524—525, 525, 526 
roof layout and design, 443, 443 
allowable rafter spans, 444—445, 445 
ceiling joists, 445, 445 
collar ties, 445—446 
concrete forms, 748, 748—752, 750, 751 
dead loads, 444 
domes, 729—730, 730 
live loads, 444 
pitch and unit rise, 443—444, 444 
post-and-beam construction, 7/2, 712—714, 713, 714 
purlins, 445—446 
rafter anchors, 446, 446 
structural factors, 444, 445 
total rise, 444, 444 
truss anchors, 446, 446 
roof overhangs, 546, 546 
closed cornices, 547, 547 
cornice soffit systems, 547-548, 548 
gutters and downspouts, 548, 548 
open cornices, 546, 546 
roof pitch, 443-444 
roof rafters, 434, 435 
framing plans, 246 
roof sheathing, 446—447, 447, 549 
roof tile. See tile roofing 
roof trusses, 434-436, 435, 495, 822 
anchors, 500, 50/ 
assembly methods, 498-499, 499 
bracing systems, 501—502, 502, 503 
components, 495—496, 496 
lumber, 496—497 
metal connector plates, 497, 497 
design principles, 497—498 
fabrication, 498—499, 499 
hangers, 500, 501 
installation, 499-503, 500, 501, 502, 503 
safety, 503, 504 
sheathing, 503 
tension and compression, 498, 498 
timber, 728—729, 729, 730 
truss spacers, 500, 501 
types, 495-496, 497 
weight and stress, 498 
roof underlayment, 550, 550 
roof venting systems, 5/1, 511—513, 512, 513 
roof windows. See skylight 
room acoustics, 536, 536 
room finish schedules, 248, 249 
rope grabs, /68, 168—169, 822 
roses (locksets), 646 
rotary hammers, 64, 64, 130, 130, 822 
rotating laser levels, 276, 276 
rough lumber, 822 
rough openings. See wood-framed rough openings 
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rough sills, 379, 822 

rough-terrain forklifts, 178, 178, 822 
round-head nails, 138 

round piers, 293, 293 

routers, 733, 133-134 

RTK, 188 

rubber tiles, 822 

run, 822 

run of the overhang, 449 

runways, 194, 195, 822 

R value (resistance), 509, 5/4, 515, 516, 822 


saddle, 823 

safety goggles, 183, 183, 823 

safety nets, 169, 170, 823 

safety sleeves, 173 

safe work habits, 185 

sanders, 735, 135-136 
abrasive materials, 135, 136 
safety, 136 

sandpaper, 823 

sand particles, 284 

sandwich beams, 605 

sap, 20-21, 823 

sapwood, 20—21, 823 

sashes, window, 565, 565, 823 

sash lifts, 823 

sash locks, 823 

sash weight, 823 

saw blades, 116-118, 7/8 

sawhorses, 166, 823 

sawing methods, 24, 25, 99, 100 

sawmills, 23, 23-24, 24, 823 

saws 
abrasive cutoff, 793 
abrasive cutoff saws, 423-424, 424 
chain saws, /2/, 121 
chop saws. See abrasive cutoff saws 
circular saws, 116—120, 117, 118 

safety, 119—120, 120 

cutout saws, 121, 727 
frame-and-trim saws, 126 
handsaws, 97, 97—99 
jigsaws, 120, 120-121 
miter saws, 125, 125-126, 675 
radial arm saws, 722, 122-123, 123 
reciprocating saws, 120, 120—121 
safety. See separate saw types 
table saws, 123, 123 

saw sets, 100 

scaffolds, 152, 152, 823 


components (metal scaffolds), 156—1 59, 157, 158, 159, 160 


design, 152-153 


fall-arrest systems, 167—169, 766, 169, 170 
guylines, 161—162, 765 
locking and clamping devices, 159, 760 
platforms, 157, 758 
preparation of sites, 152-153 
regulations and standards, 165, 767 
safety, 167 
stair assemblies, 158, 759 
tie-ins, 161-162, 763 
types 
bracket scaffolds, 164, 765 
horse scaffolds, 165, 765 
outrigger scaffolds, 163, 164 
pump jack scaffolds, 164 
sectional metal-framed scaffolds, 753, 153-155, 154, 155 
suspension scaffolds, 163, 164 
wood pole scaffolds, 160—161, 761, 162 
scale drawing, 823 
scales 
vernier scales, 256 
scaling dimensions, 205 
layout tools, 206, 207 
scarf joints, 673, 673, 823 
schedules, 247, 823 
doors, 247, 248 
room finishes, 248, 249 
windows, 248, 249 
scissor clamps, 747, 747 
scissors lifts, 169—170, 170, 178, 178 
scissors truss, 823 
scrapers, 110, 770 
scratch awls, 85, 85 
screeding concrete, 334, 334, 823 
screed rails, 334, 335, 766, 823 
screeds, 823 
screed supports, 766, 767, 823 
screen grid walls, 328, 329 
screw anchors, 62, 823 
installation, 63 
screwdrivers, 91—93, 93, 422-423, 423 
drywall screwdrivers, 614 
power operated, 130-131, 731 
safety, 131 
screwguns, 61, 365, 422-423, 423 
screw head types, 42/, 421—422 
screw jacks, 156, 757 
screws, 58—59, 59, 71 
concrete screws, 60, 67 
construction-grade screws, 61 
drywall screws, 613, 614 
machine screws, 60—61, 67 
panel screws, 61 
self-tapping screws, 59, 60 
shanks, wood screws, 60 
wood screws, 59, 59, 60, 67 
driving in hard wood, 92, 92 
scribers, 85, 85 
scribe strip, 823 


scribing, 823 
scribing tools, 84-86, 85 
scuttles, 221, 416, 823 
SDS bits, 130 
sealants, 769, 769, 823 
seasoned lumber, 25, 25, 823 
seat cuts, 449, 449, 823 
seconds, 269—270, 824 
sectional housing, 6 
sectional metal-framed scaffolds, 753, 153-155, 754, 155 
components, 156—159, 758, 159, 160 
sectional roll-up garage doors, 577, 577 
section views, 227, 824 
Section B-B, 230, 230 
Section C-C, 230, 237 
Thru-House Section A-A, 227—229, 226, 229 
seepage, 337 
segregation, 761, 824 
seismic resistance, 721—722 
seismic risk zones, 284—285, 824 
seismic ties, 402, 405, 436, 456 
Select grade lumber, 35-36 
self-closing spring hinges, 651, 651 
self-drilling anchors, 66, 66, 824 
self-drilling screws, 59, 60, 420, 420, 824 
self-erecting tower cranes, 179, 780 
self-piercing screws, 59, 60, 420—421, 824 
self-retracting lifelines, 169, 769, 824 
self-tapping screws, 59, 60, 420—421, 824 
semiautomatic PATs, 141, /42 
semiconcealed hinges, 824 
sensors, 275 
sequential trip pneumatic tools, 137 
serrated-blade forming tools, 110, 777, 824 
service doors, 824 
service stairways, 824 
service walks, 335, 824 
set, 824 
setback, 199 
set of saw, 824 
handsaws, 100 
set-retarding admixtures, 763, 824 
setting houses, 6 
SFA, 419 
SFPA, 14, 16 
shakes, 26, 548, 548, 553—557, 554, 555, 556, 557, 
594—596, 595, 596, 824 
shanks, 824 
drill bits, 129, 729 
shear anchor bolts, 408, 406 
shear bars, 778 
shear loads, 407, 407 
shear strength, 429 
shear walls, 407, 407—409, 429, 824 
anchor tiedown systems, 408-409, 409 
shear plate connectors, 729, 730 
sheathing, 306, 306—307, 549, 824 
roofs, 437, 437, 446—447, 447 
sheathing exterior walls, 402, 405 
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sheathing paper, 824 

she bolts. See waler rods 

shed roofs, 442, 442-443, 443, 461, 462, 824 

sheet bends, 174 

sheet flooring, 681, 682 

sheet-metal snips, 102, 702 

sheet-metal workers, 12 

sheet piles, 192, 192, 735, 824 

shell concrete piles, 736 

shell-less piles, 736 

SHGC, 564 

shielding, 193, 793, 824 

shifting centers, 268 

shim shingle, 824 

shingle panel, 824 

shingles, 548, 548, 594, 594—596, 595, 596 
ashphalt, 550, 550—552, 551, 552, 553 
widths, 548, 548 
wood, 548, 548, 553, 553—557, 554, 555, 556, 557 

shingling hatchets, 90, 97 

ship auger bits, 129, 729 

shiplap siding, 824 

shock-absorbing lanyards, 168, 169, 824 

shore, 824 

shoring, 792, 192-193, 824 

shoring deck forms, 750-752, 751, 752 

shortened valley rafters, 476, 478, 480, 480, 824 
layout, 481 

shortening, 825 
rafters, 451 

shrinkage, 21-22, 22 

shutter, 825 

side cuts, 465, 466, 825 

side-drive saws, 116, 717 

side jambs 
doors, 235, 236, 237 
windows, 233, 234 

sidelap, 548, 548, 825 

sides, 825 

sidewalks, 212, 2/3, 333-335, 334, 825 

sidewall, 825 

side yards, 212, 2/3, 825 

siding, 825 
nonwood siding. See separate entry 
wood siding. See separate entry 

siding nails, 588, 588 

signals 
crane operation, 180-181, 787 
leveling rods, 262, 262 

silicosis, 190 

sill anchors, 825 

sillcocks, 221 

sill gaskets, 295 

sill pans, 568, 568—569, 825 

sill plates, 294, 204—297, 295, 296, 358, 825 
beam and joist fastening, 354, 354 
floor unit construction, 344, 345 

sill sealers, 295 

silt, 284, 825 
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SI metric system, 40-41, 4/, 825 
single-shot PATs, 141, 742 
single coursing, 594, 594, 825 
single ladders, 171, 177 
single-nailing method, 612, 6/3 
single-ply membranes, 525, 825 
single-ply system (gypsum boards), 611, 611 
SIP. See structural insulation panels 
sites, 825 
site cast precast members, 772—773, 773 
skewback saws, 97 
skewed joist hangers, 353 
skylights, 572, 572—573, 825 
slab-at-grade foundations, 297, 323—325, 324, 325, 825 
post-tensioned slabs, 325, 325-326 
slab construction, 333—335, 334, 335 
slab decks, 750—752, 751, 752 
slab-on-grade foundation. See slab-at-grade foundation 
slammer studs, 432 
slash grain, 135 
slat, 825 
slat block flooring, 680, 680 
slate, 825 
sleepers, 678, 826 
sleeved dowel systems, 769, 769, 826 
sleeves, 329, 826 
sleeve stud-bolt anchors, 66-67, 67 
sliding cabinet doors, 661, 661—662. 
sliding (foundations), 293, 293 
sliding glass doors, 576—577, 577 
sliding T-bevels, 84, 84 
slip forms, 757, 757-758, 758, 826 
slip knots, 268, 268 
slope angles, 191 
sloped box cornices, 547, 547 
slope diagrams, 443, 444, 826 
sloped lot foundations, 298 
sloping, 191—192, 792 
slotted drive shank (SDS) bits, 130 
slump, 764, 826 
allowable ranges, 765 
slump tests, 764, 764, 826 
smooth planes, 106, 707 
snap brackets, 308, 826 
snap hooks, 168 
snap lock, 826 
snap lock punches, 602, 602 
snap ties, 308, 308, 743, 743, 826 
snips, 102, 702 
sodium bentonite, 337 
soffits, 826 
cornice designs, 547—548, 548 
soffit vents, 511, 572 
soft conversion, 41 
softwood lumber, 32, 32-33, 33, 43, 826 
classification of wood, 43 
grade marks, 36, 36 
grading systems, 33-36 
nominal dimensions, 38, 38 


standards, 33 
surfacing types, 39, 39-40, 40 
soil auger, 826 
soil classification, 191—192 
soil conditions, 264, 284 
soil engineers, 199 
solar collectors, 537—538, 538, 540-541, 541, 543, 543 
solar heat gain coefficient (SHGC), 564, 826 
solar heating, 537 
active systems. See active solar heating 
passive systems, 537, 537—540, 538, 539, 540 
solar heating systems, 826 
solar houses, 826 
solariums, 540, 540 
soldier beams. See soldier piles 
soldier piles, 192, 792, 826 
sole plates, 376, 826 
solid beams, 826 
solid blocking. See solid bridging 
solid board paneling, 826 
solid board panels, 621, 621—624, 622, 623 
solid bridging, 357, 356, 826 
solid-core doors, 574, 628, 629, 630, 826 
solid rock, 284 
solid-surface countertops, 664—665, 665, 826 
solid-surface materials, 663 
solid-unit block flooring, 680, 680 
sound absorption, 536, 536 
sound levels, 183—184, 184 
sound control 
breaking vibration paths, 532, 533 
building design and construction, 534—535, 535, 536 
cavity absorption, 532, 532 
double-stud systems, 533, 534 
floor/ceiling systems, 533, 534 
increasing mass, 532, 532 
sound transmission, 530 
walls, 537, 531—533, 532, 533, 534 
staggered-stud system, 533, 533 
sound knots, 26 
sound levels, 183-184, 764, 531, 531 
sound transmission, 530 
sound transmission coefficient (STC), 530, 530, 532, 532, 826 
Southern Forest Products Association (SFPA), 14, 76 
Southern Standard Building Code, 250 
spaced-board sheathing, 447 
spacers, 500, 501 
spacer strips, 826 
spade bits, 129, 729 
spans, 826 
specialization of trades, 9, 9 
Special Western Red Cedar Pattern grade lumber, 35 
specifications, 202-203, 203, 826 
speculation, 201 
Speed? Squares, 84, 84, 826 
spiral-shank nails, 58 
splash boards, 826 
splines, 826 
split-beam laser levels, 276—277, 277 


split jambs, 639, 639, 641, 826 
split-level houses, 201, 202 
split-ring connectors, 729, 730 
splits, 26, 27, 826 
spot clinching, 422, 422, 827 
spreaders, 827 
spreader bars, 827 
spreader boards, 334, 334 
spreader cones, 307 
spread footing, 307, 307, 827 
spread foundations, 738, 738, 827 
spring balance, 827 
spring clamps, 103, 703 
spring hinges, 827 
spring latches, 648, 648 
springwood, 20, 827 
square-drive screwdrivers, 91, 97 
square gauges, 86, 86 
stringer layout, 691 
square knots, 174 
squaring tools, 79 
angle dividers, 84, 64 
combination squares, 80, 80 
framing squares, 80—83, 81, 82, 83 
sliding T-bevel, 84, 84 
Spced? Squares, 84, 84, 826 
try squares, 64, 84 
squash blocks, 370, 372, 372, 827 
stable rock, 191-192 
stack-east slabs, 777, 827 
stack effects, 510, 827 
stacking, 428, 428 
stair assemblies, 158, 759 
staircases. See stairways 
stair details, 239 
stair flights, 827 
stair gauges, 86, 86 
stair landings, 827 
stair ratios, 688—689 
stairs. See stairways 
stair story pole, 827 
stairways, 684, 684, 827 


commercial requirements, 696—699, 697 


components, 685—686, 686, 687 
concrete stairways, 754, 755, 756 
exterior stairways, 705, 705—706 
forms, 333, 533 

full basements, 218 

handrail requirements, 695, 695-696 
headroom, 694, 694 


interior stairways, 693, 693—702, 694, 697, 700, 701 


L-shaped stairways, 701 
prefabricated stairways, 704, 704 
risers, 686—687, 687 

marking riser height, 689—690, 690 
openings, 358, 356, 699 


straight-flight stairways, 699—701, 700, 701 


stringers. See separate entry 
temporary, 194 
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treads, 685, 686-687, 687 
marking tread depth, 689—690, 690 

types, 684—685, 665 

winder sections, 701, 701—705, 702, 703 
stairwells, 685, 827 

openings, 699 
standards, 257 
standard screwdrivers, 91—92, 92 
staple gun tackers, 91 
staplers, 91, 97 

pneumatic staplers, 140, 740 
staples, 58, 59, 827 
starter courses, 827 
starting newel posts, 686, 686-687, 827 
STC. See sound transmission coefficient 
steel, 144, 144 
steel beams, 218, 349, 349 
steel connectors, 726, 726 

expansion and contraction, 726—727, 727 
steel door units, 574, 644—647, 645, 646 
steel frameworks, 4, 4 
Steel Framing Alliance (SFA), 419 


steel framing construction. See metal framing construction 


steel gauge equivalents, 420 
steel piles, 737, 737 
steel pipe columns, 349, 349 
Steel Stud Manufacturers Association (SSMA), 419 
steel tapes, 77, 77 
steel toe shoes, 184, 184 
stepladders, 172 
stepped foundations, 298, 298, 345, 827 
stick-and-rule method, 261, 261 
stick-built, 827 
stickers, 666, 827 
stiffback. See strongback 
stiff leg, 827 
stile, 827 
stock plans, 201, 827 
stonemasons, 11 
stone-veneer construction, 3, 3 
stool, 827 
stoops, 216 
stops, 632, 634, 653, 653, 827 
storage cabinets 

built-in units, 662—663 
storage (solar heating), 537—538, 542, 543 
storing heat, 540, 542, 542 
storm doors, 527, 5277-528, 827 
storm windows, 526, 827 
story, 827 
story poles, 387 

calculating riser height, 689 

layout, 390-392, 391, 393 
stove bolts, 62, 828 
straight-claw hammers, 88, 88 
straightedges, 828 

circular saws, 119 

use, 78, 78 


straight-flight stairways, 684, 685, 699—701, 700, 701, 828 
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with a landing, 684, 685 
straight-run stairways. See straight-flight stairways 
straight shanks, 129, 729 
straightsplit shakes, 553 
strap anchors, 644, 645 
strap hinges, 828 
stressed-skin panels, 828 
strike boards, 334, 334, 335, 828 
strike plates, 647, 648, 828 
installation, 648, 649 
strike tackers, 91, 97 
striking off concrete, 766, 766 
stringers, 685, 686-687, 687, 828 
dropping, 692, 692 
fastening, 692, 692 
layout, 687—692, 688, 689, 690, 691, 692 
mitered, 704, 704 
strings. See stringers 
strip flooring, 676, 676-678, 677, 678, 679, 828 
stripping forms, 770, 828 
strongbacks, 412, 4/3, 828 
structural decking lumber, 33-34 
structural engineers, 199 
structural grade lumber, 36 
structural insulated panels (SIPs), 406, 406—407, 407 
447,711, 711, 828 
Structural I Plyform, 45 
Structural Joists and Planks (SJ&P), lumber, 33 
Structural Light Framing (SLF) lumber, 33 
structural steel framing, 418, 429, 436, 436-437 
structural-steel workers, 11, 77 
structural units, 5 
stub joists, 411, 4/2, 828 
stucco, 829 
stud-bolt anchors, 66—67, 67 
stud adhesives, 614, 6/4 
stud guns. See powder-actuated tools (PATs) 
stud lumber, 33 
stud plate ties, 402, 402 
studs (framing members) 307, 829 
assembly, 395, 396 
metal material, 429, 429 
wood material, 376 
studs (threaded fasteners), 67-68, 68, 143, 143, 829 
S-T-U-F shape designators, 419—420, 420 
subcontractors, 11, 829 
subdivision maps, 829 
subfascias, 829 
subfloors, 364, 364, 829 
installing panels, 364—365, 365, 366, 428 
post-and-beam systems, 366, 367 
subgrades, 766 
summerwood, 20, 829 
sump, 829 
sump pumps, 829 
sump wells, 338, 339 
sunrooms, 540, 540 
superflat floors, 766 
supporting valley rafters, 476, 478, 480, 480, 829 


surface bolts, 652 
surface condensation, 510 
surfaced lumber, 26, 829 
surface hinges, 829 
surface water, 336, 829 
surfacing abbreviations, lumber, 39 
Surform®, 110, 111 
survey instruments 
automatic levels, 265—266, 266 
builder's levels, 256—265, 257, 258, 259 
laser levels, 273, 273-279 
level-transits. See transit-levels 
maintenance, 272 
proper care, 272 
total stations, 279—282, 280, 281 
transit-levels, 266, 266—271, 267, 268 
survey points, 286, 829 
suspended ceilings, 829 
suspension scaffolds, 153, 763, 164 
sustainable designs, 7 
materials and products, 7-8 
rating systems, 8, 8 
swales, 213, 2/3, 829 
swinging platforms, 163, 764 
symbols, 207, 208, 209, 210, 829 
systems scaffolds, 155, 155, 829 


table saws, 124, 124—125, 829 

tackers, 91, 9/ 

tag lines, 187, 829 

tail cuts, 829 

tail joists, 358, 358, 829 

take-up devices, 409, 409 

tampers, 303 

tamping rods, 303 

tangential cuts, 24, 829 

tape measures, 76, 76-77, 77 
stick-and-rule method, 261 

taper-ground saw blades, 97, 97, 829 

tapersawn shakes, 554 

tapersplit shakes, 553 

taper ties, 744, 745 

tar paper, 550 

T-beams, 829 

technical societies, 13 

teeth, handsaw, 97, 97-98, 98 

telehandlers, 178, 178, 187, 187 

telescopes, 256 

telescopic-boom cranes, 178, 778, 830 

temperature control. See heat transfer 

temporary stairs, 194 

tenon, 830 

tensile strength, 830 

tension, 830° 


tensioning jacks, 830 
tension straps, 431, 830 
termites, 339—340, 340, 341 
termite shields, 340, 340, 830 
terraces, 212, 213, 218 
T-foundations, 216 
T-guides, 830 
theoretical length, 830 
rafters, 451 
ridge boards, 474, 474 
thermal chimneys, 539, 539—540 
thermal conductors, 830 


thermal insulation, 506, 514, 514—515, 515, 516, 830 


blanket and batt insulation, 517—518, 5/8, 519 
foamed-in-place insulation, 518—519, 519 
loose fill insulation, 516—517, 517, 518 


rigid foam insulation, 520—523, 521, 522, 523, 524 


thermal performance, 830 

thermal resistance (U value), 528 

thermal storage units, 542, 542, 830 

thermostat, 830 

threaded studs, 143, 743 

three-way apex tiles, 557, 558 

three-way edging clamps, 103, 704 

thresholds, 573—574, 830 

Thrombe walls, 539, 830 

through ties, 743 

Thru-House Sections A-A, 227-229, 228, 229 

thumbscrews, 160 

tie-backs, 192 

tiedown, 830 

tie-ins, 161—162, 163 

ties, 307, 308, 332, 332, 352, 402, 402-403, 403 

tile, 830 

tile flooring, 681—682, 682 

üle roofing, 557, 557—559, 558, 559 

tilesetters, 12 

tilt-up construction, 4, 4, 775-776, 776, 830 
structural connections, 776, 776-778, 777 
glued laminated (glulam) timber, 53, 53 

timber, 830 

timber connectors, 830 

timber constructed systems, 4, 722, 727 
domes, 729-730, 730 
fire and seismic resistance, 721—722 
frames, 708, 716, 716—718, 718, 723 
glulam timber. See separate entry 
roofs, 727-728, 728, 729 
roof trusses, 728—729, 729, 730 

timber domes, 730, 730 

timber hitches, 174 

timbers, 34, 34 

Timbers classification, 34 

time-lag heating processes, 539 

tin snips, 102 

toeboards, 153, 758, 830 

toe holds, 830 
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toenail, 830 
toes, handsaw, 97 
toe strip. See toeboard 
toggle bolts, 62, 63, 830 
tongue-and-groove lumber, 830 
tooling control joints, 768, 768 
top chords, 495, 496 
top-flange joist hangers, 352-353, 355, 830 
toplap, 548, 546, 830 
topping coats, 614, 6/4 
top plates, 376, 376, 830 
placement, 397, 397 
toprails, 153, /59, 194, 194 
regulations, 158, /59 
top tracks, 830 
torches, 748, 148—149, 149 
flame temperature, 147 
total rise, 443, 444, 444, 449, 688, 689, 830 
total run, 443, 444, 688, 830 
total span, 443, 830 
total station instruments, 279, 287, 830 
data recording, 281 
electronic distance measurement (EDM), 280—281, 281 
maintenance, 282 
set up and operation, 279—280, 280, 281 
types, 281—282 
tower cranes, 179, 780, 830 
tracks, 429, 429, 830 
track-shape gauge members, 4/9, 419—420 
trade associations, 13 
trademarks, 830 
trade specialization, 9, 9 
tradesworkers, /0, 10—12, // 
traditional building design, 198, 798 
traditional window trim, 671, 671 
trammel points, 85-86 
transit-levels, 266, 266, 267, 268, 286, 287-288 
horizontal circles, 267 
maintenance, 272 
operations and usage, 268—271, 269, 270, 271, 272 
set up and adjustments, 267—268, 268 
vernier scales, 267, 267 
vertical arcs, 267, 268 
transit-mix trucks, 303, 305, 830 
transmission (transfer), 525—526 
transmittance (U) factor, 508, 509, 830 
transom, 831 
transpiration, 539 
transverse bars, 557 
transverse beams, 7/2, 712—713 
transverse sections, 227, 228, 831 
treads, 685, 686—687, 687, 705, 705, 831 
tread depth, 694, 694 
marking tread depth, 689—690, 690 
trees, 2/2, 212—213, 213 
tremie, 831 
trenches, 192-193, 193, 831 
trenching, 290, 290, 831 
trench shields, 193, 793, 831 
trestle jacks, 165, 765, 831 
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trestle ladders, 173 

tribrachs, 280, 280, 281 

trim, 831 

trim material details, 241 

trimmer joists, 358, 358, 831 

trimmers, 24, 25 

trimmer studs, 377—378, 831 

trim rings, 831 

tripod heads, 256—258, 257, 258 

tripods, 256—258, 257, 276, 831 

trolleys, 831 

true rise, 443, 449, 449 

truss anchors, 446, 446, 501 

trussed roofs. See roof trusses 

trusses, 728—729, 729, 730 

truss hangers, 501 

truss safety, 503, 504 

truss spacers, 500, 50/, 831 

truss ties, 403 

try squares, 84, 84 

T-shores, 831 

T-straps, 644, 645 

tube-and-clamp scaffolds, /54, 154-155, 831 
tube-and-coupler scaffolds. See tube-and-clamp scaffolds 
tube-dispensed adhesives, 67, 67 

tubular anchors, 64, 64 

tubular locks, 647—648, 831 

tubular piles, 737, 737 

tumblers, 647 

turnbuckles, 740, 747, 831 

turnbutton devices, 648, 831 

twist drills, 129, 729 

twists, 26, 27, 831 

two-point suspension scaffolds, 163, /64 
two-story houses, 201, 20/ 

two-way joist systems, 749—750, 750, 831 
Type I handrails, 696, 696 

Type II handrails, 696, 696 


UBC, 13, 74 
U-channels, 4/9, 419—420 
U factor (transmittance), 508, 509, 564, 831 
unbalanced beams, 724, 725, 831 
undercutting, 831 
underlayment, 831 
unfaced insulation, 517 
Uniform Building Code, 250 
United Brotherhood of Carpenters and Joiners of America 
(UBC), 13, 74, 831 
unit rise, 443—444, 444, 688, 689, 831 
code requirements, 688 
unit run, 443, 444, 465, 466, 831 
code requirements, 688 
unlocking tools, 602 


uplift forces, 293, 293, 407, 407 
urea formaldehyde, 832 
urea resin, 72 


U.S. Department of Housing and Urban Development 


(HUD), 251 
U-shaped stairways, 685, 685, 832 
utilities, 212, 832 
utility knives, 101—102, 702 
U values, 528 


valley, sloped intersection of, 832 
valley cripple jack rafters, 476, 478, 832 
calculating lengths, 486, 486 
layout, 486, 487 
valley flashing, 551, 557 
valley jack rafters, 476, 477, 481, 832 
calculating lengths, 481—482, 482, 483 
layout, 483, 484 
valley per foot run, 466 
valley rafters, 476, 477, 479, 832 
layout, 477—478, 479 
types, 480, 450 
values of resistance (R), 508—509, 509 
vapor barriers, 336, 337, 511, 511, 832 
variable-speed drills, 129 
veneered beams, 832 
veneer lumber (LVL) beams, 347 
veneers, 43, 43—44, 44, 832 
ventilation, 5//, 511—513, 572, 513, 832 
venting systems, 511—513, 5/2, 513 
vents, 832 
vernier, 832 
vernier scales, 256 
horizontal vernier scales, 267, 267 
vertical arcs, 267, 266 
vertical clamp screws, 266 
vertical lifelines, 169, 832 
vertical pressure, 304, 304 
vertical tangent screws, 266 
vibration, 762, 762, 832 
vinyl-clad window units, 832 
vinyl siding, 607, 601—603, 602, 832 
vinyl tile, 832 
vises, 104—105, /05, 832 
proper use, 105 
visible beams, 274 
visible transmittance values, 564, 832 
V-joints, 615, 676, 832 


volatile organic compounds (VOCs), 7, 832 


waffle grid walls, 328, 329 
waffle slabs, 832 
wainscot, 832 
wainscot caps, 832 
waler rods, 744, 745, 832 
walers, 306, 307, 315—316, 316, 832 
waler systems, 743, 745, 745 
light form ties, 743, 743 
medium to heavy form ties, 743—745, 744 
wales. See walers 
walks, 212, 2/3 
walk-through frames, 153, 754 
walkways, 335, 335 
wall angles, 627, 627 
wallboard. See gypsum boards 
wallboard anchors, 63, 833 
installation, 64 
wallboard hatchets, 90, 97 
wall cabinets, 659, 659—660, 660, 833 
wall components. See wood-framed wall components 
wall fasteners. See fasteners 
wall finishes, 331, 33/ 
wall foundations 
coricrete pouring height, 317, 3/8 
wall frame construction 
metal frames, 428, 428—433, 430, 432, 433 
wood frames. See wood-framed wall construction 
wall framing story poles, 833 
wall girts, 718 
wall jacks, 399, 400, 833 
wall paneling, 73, 73, 615 
hardboard, 616 
installation, 616—621, 617, 618, 619, 620, 621 
plywood, 6/5, 615-616, 616 
solid board, 621, 621—624, 622, 623 
wall plates, 376, 388 
walls, 292, 292—293 
wall sheathing, 306, 306—307 
panels, 402-403, 403 
wall studs, 377—378 
layout, 384, 384 
wall symbols, 208 
wanes, 26, 27, 833 
wardrobe closets 
built-in units, 662—663 
warm side, 833 
warpage, 26, 27, 833 
wasps, 341, 341 
water, 302 
waterborne preservatives, 833 
water-cement ratios, 302, 764, 765, 833 
water levels, 79, 79, 833 
waterproofing foundation walls, 337, 337-338 
water-reducing admixtures, 763, 833 
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waterstops, 767, 767 
water tables, 336, 596, 597, 833 
water walls, 539, 833 
wattle, 708 
W-beams. See wide-flange beams 
weather barriers, 403, 833 
housewrap, 404, 404—405 
weather effects, 293, 293-294 
on concrete, 765 
cold weather, 766 
hot weather, 765 
weatherstripping, 526, 526, 833 
web (members), 495, 833 
web (of members), 419, 4/9 
web stiffeners, 370-371, 371, 833 
wedges, 833 
wedge stud-bolt anchors, 66—67, 67 
wedge ties, 307, 833 
weep holes, 726, 833 
welded-frame scaffolds, 753, 153—154, 833 
welded wire reinforcement (WWR), 305, 305, 228, 833 
welding, 146, 146, 422, 422 
arc welding, 146-147, 147 
flame temperature, 147 
oxyacetylene welding, 147-148, 748, 149 
safety, 147, 149 
welding guns, 147 
Western Wood Products Association (WWPA), 14, 76 
whetting plane irons, 109 
white specks, 27, 833 
wide-flange beams, 349, 349, 833 
wind effects, 510, 833 
winder stairways, 685, 701, 701—705, 702, 703, 833 
wind forces, 293, 293—294 
window bucks, 741, 742 
window casings, 671, 671 
window frames, 233, 234 
window openings, 310—311 
finish openings, 394, 395 
light-gauge steel framing members, 437 
rough openings, 377, 379 
sealing, 569—570, 570 
trimming, 671, 671—672 
windows. See window units 
window sashes, 233 
window schedules, 248, 249 
window sills, 233, 234, 565, 565, 833 
window symbols, 208 
window units, 562, 562—563 
components, 565, 565 
installation, 567—572, 568, 569, 570, 571, 572 
selection, 563—564, 564 
skylights, 572, 572-573 
types, 565—567, 566, 567, 568 
window wells, 218 
wind uplift, 833. See also uplift forces 
wing walls, 539, 539 
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wire anchors, 644, 645 
wire brad nails, 58, 58 
wire mesh. See welded wire reinforcement 
wire ties, 332, 332 
wood 
composition, 20-21, 27 
damage and deterioration, 26-28, 27, 28 
fire retardants, 30-31 
moisture content, 21, 22 
effects, 21—22 
preservatives, 27-29, 29 
treatments, 27—31 
wood beams, 346—348 
allowable spans, 347—348, 348 
placement, 349, 349—350 
wood-boring insects, 341—342, 342 
wood chisels, 101, 707 
wood fiber insulation, 524 
wood foundation walls, 299, 299—300, 300 
wood frame construction. See timber constructed systems 
wood-framed rough openings 
doors, 377, 377-378, 378, 385, 385 
layout, 386, 386—387, 390, 390-392 
windows, 377, 377, 379, 379, 385, 385 
wood-framed wall components, 375 
corner posts, 376, 376 
diagonal braces, 379, 379-380 
door openings, 377, 377-379, 378 
fireblocking materials, 380, 380-381 
plates, 376 
studs, 376 
window openings, 377, 377—379, 378 
wood-framed wall construction, 381, 387 
aligning walls, 400-401, 401 
assembling walls, 395, 396 
back framing, 401 
corner posts, 394, 394 
door and window openings 
frame openings, 394, 395 
rough openings, 390, 390—392 
fastening to concrete slabs, 401 
laying out story poles, 390—392, 391, 393 
laying out walls, 381—387, 382, 383, 384, 385, 386, 387, 388 
metal connectors, 401, 407 
pick-up operations, 401 
placing braces, 397—398, 399 
placing double top plates, 397, 397 
plumbing walls, 400—401, 407 
raising walls, 398—399, 400 
squaring walls, 397—398, 398 
wood I-joist hangers, 353, 833 
wood I-joists, 54, 54, 368-369, 369 
construction methods, 370, 370—372 
hangers, 353, 833 
span tables, 369 
wood laminations (lams), 722—723, 723, 725 


wood moldings, 666 wrenches, 93, 93—95, 94 


manufacturing, 666, 666 impact wrenches, 130, 737 
rails, 668 WWPA, 14, /6 
shapes and profiles, 667, 667—668 WWR, 228, 305, 305 


wood panels. See engineered wood panels 
wood piles, 735 
wood pole scaffolds, 153, 160—161, 761, 162 
wood posts, 293 
wood preservatives, 27-29, 29, 833 xerography process, 202, 203, 834 
wood screws, 59, 59, 61 
driving into hard wood, 92, 92 
wood shingles, 548, 548, 553-557, 554, 555, 556, 557 
wood siding 
board siding, 580, 580—588, 581, 582, 583, 584, 585, 
586, 587, 588, 589 


panel siding, 589—592, 590, 591, 592, 593 yard lumber, 834 
shingles and shakes, 594, 594-596, 595, 596 yoke, 834 
wood wasps, 341, 34/ yoke legs, 757 


woodworking vises, 105 
working drawings, 201—202, 203, 834 
working load value, 743, 834 
workpiece connections, 147 
work platforms, 157, 758 
wood pole scaffolds, 160-161, 762 
worm-drive saws, 116, 717 zoning maps, 251 
Woven corners, 834 zoning regulations, 257, 251—252, 286, 834 
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USING THE CARPENTRY CD-ROM 


Before removing the CD-ROM from the protective sleeve, please note that the book cannot be returned for refund or 
credit if the CD-ROM sleeve seal is broken. 


System Requirements 

To use this Windows®-compatible CD-ROM, your computer must meet the following minimum system requirements: 

* Microsoft? Windows Vista™, Windows XP®, Windows 20009, or Windows NT? operating system 

* Intel® Pentium? III (or equivalent) processor 

* 256 MB of available RAM 

* 90 MB of available hard-disk space 

* 800 x 600 monitor resolution 

* CD-ROM drive 

* Sound output capability and speakers 

* Microsoft? Internet Explorer 5.5, Firefox? 1.0, or Netscape? 7.1 web browser and Internet connection required for 
Internet links 


Opening Files 

Insert the CD-ROM into the computer CD-ROM drive. Within a few seconds the home screen will be displayed, allowing 
access to all features of the CD-ROM. Information about the usage of the CD-ROM can be accessed by clicking on US- 
ING THIS CD-ROM. The Quick Quizzes®, Illustrated Glossary, Flash Cards, Master Math™ Problems, USA Resources, 
Canadian Resources, Media Clips, and ATPeResources.com can be accessed by clicking on the appropriate button on 
the home screen. Clicking on the American Tech web site button (www.go2atp.com) accesses information on related 
educational products. Unauthorized reproduction of the material on this CD-ROM is strictly prohibited. 


Using This CD-ROM 


| Carpentry 


n 


Firefox is a registered trademark of Mozilla Corporation in the United States and other countries, Intel ond Pentium are re 
Microsoft, Windows Vista, Windows XP, Windows 2000, Windows NT, and Internet Explorer are either registered tradem 
a registered trademark of Netscape Communicotions Corporatian in the United States and other countries, Quick Quiz and 
are the properties of their respective owners. 


gistered trademarks of Intel Corporation or its subsidiaries in the United States and other countries, 
arks or trademarks of Microsoft Corporotion in the United States and/or other countries. Netscape is 
Quick Quizzes are registered trademarks of American Technical Publishers, inc. All other trademarks 
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Carpentry, 5th Edition, provides a comprehefisive approach to step-by-step carpentry skill development with an 
overview of tools and equipment, materials, and proven trade practices. This textbook contains 70 units designed to 
help develop and upgrade the skills and competencies required in the trade, introduces advanced concepts, and includes 
expanded coverage of OSHA requirements, insulatir concrete forms (ICFs), vinyl siding installation, deck 
consi&Sion, stairway code requirements, and trade org. tions. New content areas include the following: 


* Paperless gypsum board 

"s and metal e Fiber-cement siding installation 
* Cement board underlayment 
ap installation e Superflat floors 


e Seismic/hurricane ties and anchors 
* Waterborne preservatives 
* Mold prevention 


The interactive CD-ROM included with the bool ~~ following: 


* Quick Quizzes? that reinforce fundamental concepts, with 10 interactive questions for each section 

* An Illustrated Glossary of industry terms, with links to selected illustrations, video clips, and animated graphics 
e Flash Cards that reinforce understanding of common industry terms 

e Master Math" Problems that provide self-study opportunities to apply trade-related math concepts 

* USA Resources, with links to trade associations, measurement conversions, and other useful references 


* Canadian Resources, with links to information specific to Canadian trade associations, codes and standards, 
construction techniques, and materials 


* Media Clips that depict carpentry principles and procedures using video clips and animated graphics 
* Access to ATPeResouces.com, which provides a comprehensive array of instructional resources 
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